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for high-accuracy, high-speed, low-cost 


3 GAGING... 
FLAW DETECTION... 


ranson 
ULTRASONIC EQUIPMENT cicanine... 


ECONOMY: standard equipment adaptable to individual requirements * DEPENDABILITY: simple, rugged 
designs proven by years of use * SERVICE: factory-trained specialists before, during, after installation. 


from one side — in large SHEETS, PLATES, FORGINGS, TUBES, SPUN PARTS, and CASTINGS, before, during and after fabrication. 


Models 14, 21, and R (Automatic). 


© Range 0.004’ to 2.7”, accuracies from 
1/2 to 1/50 of 1%. Bright image on large 


50 
®) e CR tube with interchangeable scales. 
Simple setup, no elaborate fixtures. 
Extension cables and intercom phones for 
remote work up to 1/5 mile from basic 
instrument. Wide choice of transducer sizes, 


resonance type, 
contact testing 
by shapes, mountings. Bulletin V-200. 
in WELDMENTS, RODS, TUBES, SHEETS, PLATES, COMPLEX SHAPES, with great portability, high sensitivity and resolution. 


© Model V. Compact, rugged, light 
precision instrument only 742” x 11” x 
2044”, weighing only 35 pounds and 


SONOF. | 
R z easily operable by nontechnical personnel. 
High gain for coarse materials and immersed 
testing, high resolving power for small 
flaws and detection close to the surface. 
Very modest price. Bulletin T-203. 


pulse-echo type 

immersed or 
contact testing ¢ 

of large and small, intricate and simple parts — in batches or conveyorized systems; also strip and wire in continuous mills. 

In many models and combinations of Bie 


e standard units from 1/2-gallon to 
hundreds-of-gallons capacity. Laboratory- 


SONOC. 
® ¢ size, roll-around, modular-cabinet, built-in 
and engineered systems to meet any 
cleaning requirement with equipment 
proven in years of use. Bulletin S-200. 


pulsed-power : 
cleaning equipment a 


BOOTH 1645 


See PICKLING FLAW-DETECTION 
Branson ¢ 6S BROWN HOUSE ROAD « STAMFORD + CONNECTICUT 
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The cover design, depicting the industrial aspects of the Metal Show, 
was produced by Student ALLEN Puce Lt in the annual competition 
sponsored by Metal Progress at the Cleveland Institute of Art. 


National Metal Congress and Exposition 


Invitation .. 


Technical Programs 


For seven days, Saturday through Friday (Oct. 31 through Nov. 6), visitors to the Metal 
Congress wil! have a wide choice of metallurgical education and technology in sessions 
presented by the American Society for Metals, the Metallurgical Society of A.I.M.E., 
Society for Nondestructive Testing, Ultrasonic Manufacturers Association, Metals Divi- 
sion of Special Libraries Association, Metal Treating Institute, and Metal Powder 
Industries Federation. 


National Metal Exposition 


List of exhibitors, booth numbers and brief descriptions of products. 


Overcoming the Producibility Barrier 

Producibility, the degree to which a part can be made economically in the quantities 
needed, is of great significance today to manufacturers of metal goods. All companies 
are faced with a severe problem of keeping costs in line to stay competitive. There is 
pressure from increasing wages and higher cost materials. To compensate for these, 
manufacturers must look to improved technology for new ideas which will increase the 
efficiency of their production operations. This special “metal month” feature offers many 
suggestions for overcoming producibility problems. Techniques developed to solve a 
problem in one industry can often benefit other manufacturers. 


Overcoming the Producibility Barrier by Improved Forming Techniques 
Hot Forming Sheet Metal Parts, by Alfred F. Hofstatter 
Slip Casting, by L. M. Schifferli, Jr 
Tube Bending, by J. E. Hawking 
Rubber Forming, by J. E. Broderick 
Chemical Milling, by J. L. Gault, C. C. Shepherd and H. H. Muller 
High-Energy Forming With a Machine Tool, by Ralph G. Monsees.............. 111 
Hot Extrusion, by Arthur B. Tesmen 
Metal Spinning 
Contour Rolling 
Impact Extrusion 


Table of Contents Continued on Page 3 


*The coding symbols refer to the ASM-SLA Metallurgical Literature Classification, 
International (Second) Edition, 1958 


wea 
H 
tas 68 


This is THERMAL FATIGUE 


This photograph shows a heat-resistant alloy casting 
after thermal-fatigue failure. 


Thermal fatigue begins with cyclical heating and 
cooling which produces alternate expansion and con- 
traction. The shape of the casting hinders this expan- 
sion and contraction. As a result, hindered expansion 
and contraction stresses develop and increase until plas- 
tic flow occurs. This plastic flow produces a network of 
thermal-fatigue cracks and this cracking leads to failure. 


Thermal fatigue is an inherent problem in heat- 
resistant castings. As such, it occupies an important 
place in Electro-Alloys research efforts to lengthen life 
of components working under high temperatures and 
severe cyclical conditions. 


We have created apparatus that assesses and analyzes 
the variables of thermal fatigue. Check with your Electro- 
Alloys representative for the meaning of our thermal 


fatigue data as it pertains to the material, design and 
service conditions of your heat-resistant castings. 


View and discuss Thermal Fatigue at the Electro-Alloys 
Booth, 727, National Metals Exposition, International 
Amphitheatre, Chicago, November 2-6. 


Send for free technical booklet on Thermal Fatigue 


Please send me free copy of ‘The Mechanism of Thermal 
Fatigue,” by Howard S. Avery comprehensive report based 
on extensive lab studies: 


Name 
Title 
Company 
Address 


City State 
Electro-Alloys, 10110 Taylor St., Elyria, Ohio 


“Brake Shoe | J ELECTRO-ALLOYS DIVISION Elyria, Ohio 
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Metal Progress 


Overcoming the Producibility Barrier by More Suitable Selection of Alloys 


Wrought Aluminum Alloys, by E. P. White, R. C. Kasser and L. M. Dunn........ 136 


Overcoming the Producibility Barrier by Better Use of Atmospheres 
in Heat Treating and Metal Processing 


1I—What’s New in Atmosphere Controls................. 150 
11I—Choosing the Right Atmosphere, by L. L. 154 


Atmospheres in Missile Heat Treatment, by N. K. Koebel...................... 156 


Data Sheet 
Standard Commercial Wrought Copper and Copper-Base Alloys 


Composition, forms and specifications, mechanical property ranges, fabricating charac- 
teristics and typical uses; information supplied by Copper & Brass Research Association. 


Atomic Age 


Summary of public hearings before the Joint Committee on Atomic Energy of the U.S. 
Congress, 1957 and 1959. 


Correspondence Aging and Notch Fatigue in Aluminum... .. . 239 
“Unbreakable” Ships in a Hurry? Columbium-Oxygen es 242 
ley M4. 156 Fractures in 248 
A Definition of “Metallurgy”, Boron in Casting Alloys................... 250 
bey 158 Tensile Properties of Uranium............. 256 
More on Welded Aluminum Mine Cars, A Magnetic Cobalt-Base Alloy............. 259 
“Drop Forge” Defined, Trace Elements in Nickel................. 266 
by Macdonald S. Reed.................. 160 Temper Brittleness of Steel................ 268 
Iron-Aluminum Alloys .................... 274 
Metals Engineering Digest Magnetic Properties of 3.5% Cr Steel....... 278 
Strength of Martensite.................... 170 Oxidation of W-Cb Allloys................. 282 
Hot Working Ferrous Materials........... 286 
Properties of Cr-Mn-N Steels............... 194. Flow and Fracture of Vanadium........... 288 
Hydrogen in Titanium.................... 196 “Cold Worked” Austenite................. 292 
‘ Drawing Quality eee 200 Carbon and Nitrogen in 
Precipitation in Cu-Cr Alloys.............. 216 Departments 
Grain Structures at High Temperatures... .. 5 
Aluminum-Copper Composites............. 222 Application and Equipment 
Cobalt-Tungsten Carbide Alloys........... 232 
Decomposition of Metastable Phases... ..... 165-A 


Oxygen Diffusion in Titanium.............. 


Metal Progress is published ney by the American Society for Metals. Publication office Mt Morris, Til 
Editorial and general offices Metals Park, Novelty, Ohio. Entered as secc class matter at the Pow 
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Advertisers’ Index ....................365, 366 


AUGUST—Selected supplier of anhydrous LATER—Ammonia system installed without 
ammonia .. . assuming that service included supervision ...not tested by supplier...some 
technical advice “during use”’. parts not designed for ammonia use. 


STILL LATER—Had improper atmosphere TOO LATE—TOoo many rejects . . . supplier 
mixture .. . undesirable case properties... unable to aid on application. Labor, material 
sooting and added handling of “finished” parts. and operating costs up... profits down. 


BE TROUBLE-FREE! Buy your ammonia from Armour. 
And receive expert technical service—whenever you need it 
—at no added cost. 


Ammonia Sales 
ARMOUR INDUSTRIAL 
CHEMICAL COMPANY 


—— ©DIVISION OF ARMOUR AND COMPANY 
110 NORTH WACKER DRIVE CHICAGO 6, ILLINOIS 


Serving industry for more than half a century with the purest ammonia money can buy, 
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From TIME TO TIME the Editors receive letters from readers asking 
why Metal Progress does this or that, and some of these may have rather 
general interest. For example: 

Front Covers — One of the objectives in the organization of Metal 
Progress in 1930 was to create a magazine which had high excellence, 
typographically as well as technically. The financial stringency we 
passed through very shortly (the well-known depression) did not alter 
our resolve — in fact, the low state of morale of metallurgists generally 
reinforced our desire to present them a quality magazine each month in 
keeping with the dignity and worth of their profession. 

Another reason for giving the magazine an attractive front cover 
is that about four fifths of the members of the Society have it sent 
direct to their homes, and there it must compete for attention with 
“slick” magazines of general circulation. A shoddy looking cover on 
a magazine will invite it to be chucked out with the morning paper. 

We were also fortunate, about 15 years ago, in becoming acquainted 
with Otto Egge, then head of the department of commercial art at the 
Cleveland Institute of Art (our well-known art school). He suggested 
that an annual competition for a front cover would represent a desirable 
pedagogical project, and this competition has been held every year 
since then. We get a number of our covers in this way, but the prizes 
and supplementary checks the students receive are the equal to what a 
commercial artist would get for a design. 

Other covers are prepared from full color transparencies or photo- 
graphs which depict, in an artistic manner, an operation or technique 
of interest to Metal Progress readers. Perhaps you have something along 
this line which you would like to submit for cover consideration. If so, 
we will be glad to hear from you. 

Advertising Section —“I greatly enjoy Metal Progress. If it is any 
embarrassment to the reader, surely it is its weight, for while you pack 
a very substantial volume of useful metallurgical articles and data, you 
send along an even greater weight of glossy advertising matter.” This 
comment that we carry a lot of advertising matter is fortunately true — 
it is the fuse which makes the engine go. In fact (outside of a few 
hundred subscriptions by nonmembers) it is our only source of income. 
For 20 years, this actually has exceeded our production expense by a 
margin sufficient to pay for the other deficit- -producing publications of the 
American Society for Metals, namely, Transactions, Metals Review, and 
Review of Metal Literature. 

Tear Sheets — To a reader who wished the data sheets and feature 
articles to be perforated near the backbone for ready removal, so as to 
“avoid the storage problem of filing the whole magazine”, the Editor-in- 
Chief replied by citing his own experiences: 

“When I first entered the editorial profession, now about 40 years 
ago, I started the practice of tearing out valuable articles from current 
periodicals in English which passed my desk. These articles were then 
segregated and filed by topic. As years passed, my interests altered 
and expanded, so that before long this “data file”, as we called it, 
became a rather formidable thing. When “Review of Metal Literature” 
was started by the American Society for Metals, in 1944, further additions 
ceased, since we found that information on specific topics could quickly 
be run down by reference to the current issues of “Review of Metal 
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BERYLLIUM 
BULLETIN 


HIGH TEMPERATURE PROPERTIES 
OF BERYLLIUM-COPPER ALLOYS 
The high temperature properties of all 
beryllium-copper alloys are being studied 
in a long range testing program at BRUSH 
BERYLLIUM. To take several years to 
completion, this program is reported 
regularly to users in progress reports 
listing data for a single set of properties. 
PROGRESS REPORT #1 gave the HOT- 
HARDNESS characteristics of four cast- 
ing alloys. PROGRESS REPORT #2, now 
in preparation, describes TENSILE 
STRENGTH at ELEVATED TEMPERA- 
TURES. The entire program will cover 
HOT HARDNESS, HOT TENSILE 
STRENGTH and HOT FATIGUE 
STRENGTH of four casting alloys and 
four wrought alloys. 


BEATING THE HEAT WITH 
BERYLLIUM 

One of the big problems in orbiting a 
manned satellite is RE-ENTRY heat. 
Atmospheric friction at high re-entry 
speeds will cause disastrous heat in the 
satellite unless properly shielded. In 
PROJECT MERCURY, N.A.S.A. is study- 
ing two methods, ABLATION and HEAT- 
SINK. For the heat-sink tests, in which 
large amounts of heat must be absorbed 
quickly by the shield, BERYLLIUM 
was the material selected. High heat 
capacity, high thermal conductivity, high 
strength at elevated temperatures and 
light weight are combined only in 
BERYLLIUM, making it the best heat- 
sink material for air-borne applications. 


BRUSH is producing a series of forgings, 
74”’ in diameter, for McDONNELL AIR- 
CRAFT CORPORATION, designer and 
builder of the PROJECT MERCURY 
SPACE CAPSULE. These forgings, the 
largest ever produced, were designed 
on the basis of BRUSH’s prior experience 
in the hot-working of beryllium, ex- 
perience which includes years of devel- 
opment of techniques for hot-rolling, 
forging, upsetting and extrusion. 
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4301 PERKINS AVENUE 


CLEVELAND 3, OHIO 
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SEE WHY... 
THE TREND 
1S TO UNITRON! 


VISIT BOOTH 


NATIONAL METALS EXPOSIT 
CHICAGO, ILL. - NOV. 2-6, 


For a preview of UNITRON’s line of 
microscopes see page 49. We invite you 
to bring your samples and specimen 
along for visual examination and 
photomicrography. 


Our optical engineers will gladly discuss 
your individual problems and suggest 
suitable instruments for your purpose. 


UNITRON 


INSTRUMENT DIVISION OF UNITED SCIENTIFIC CO. 
204.206 MILK STREET + BOSTON 9, MASSACHUSETTS 


Press Breaks . . . 


Literature”. By that time, my data file had grown to where it occupied 
30 full-size drawers. Consequently, any scheme of removing tear sheets, 
if systematically carried out, will eventually pose a very serious storage 
problem. As far as the task of removing articles from current issues is 
concerned, I have never found the least difficulty in doing this with the 
sharp blade of my good old pocket knife.” 

Critical Points — Query: “Would it not be a good idea to expand 
your ‘Critical Points’ into more comprehensive critical reviews?” Answer: 
“The term ‘Critical Point’ is supposed to be a cute metallurgical term 
which Metal Progress uses in place of the standard word ‘Editorial’. 
Critical Points was started at least 20 years ago when the editor found 
that so much of his travel throughout American industry did not result 
in prompt copy. In fact the amount which actually got into print was 
discouragingly low. He would see interesting new things, and the people 
responsible for them would promise to write an article, but either would 
never get around to it, or would write up a story for one of our compet- 
itors with a larger budget for contributed articles or a larger editorial 
staff. He consequently started the plan of recording immediately his 
impressions from such visits, submitting his manuscript back to friends 
in the respective plants before printing them, and getting into the record 
immediately the things he thought worthy of comment. These are 
‘Critical Points’. Frequently they briefly record important advances a 
full year before anyone gets around to writing about them in detail.” 


Apropos of Bruce Rogers’ witty contribution in the “Light Metal- 
lurgy” department last November (“Preposition Using by Metallurgists”), 
already reprinted by the Breakfast Commentator in the Cleveland Plain 
Dealer, G. W. Weeks sends the following note and sketch from Hatfield, 
England: “I suggested to my staff that, as a lunchtime recreation, using 
pen and paper, they might produce a very simple illustration of the phrase 
‘The mouse was caught using a trap’. You may be interested to see one 
of the more enlightened efforts. Clearly, there is more than one way of 
using the English language!” 


We wonder how many readers of Metal Progress, in this automotive 
age of motor-cop traps, remember that a two-wheeled, one-horse carriage 
was once called a “rattle trap” or, more simply, just a “trap”! 


This column is being written a few days early to allow extra produc- 
tion time for this big Metal Show issue. We believe you will find much 
helpful information in the section developed specifically for this occasion 
on “Overcoming the Producibility Barrier” — ideas to help you do a 
better job in metal selection and production. The program (p. 68) is 
arranged as a day-to-day calendar to assist you in planning your time 
in Chicago. We will be on hand in A.S.M. Booth 810 in the South Hall 
of the International Amphitheatre. It will be easy to find right next 


to the main registration area — so drop by to see us while you are at the 
Show. 
Tue Eprrors 
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TIN 
REPORT he 


News of developments 
in the production’ 


and uses of tin 


New “cartridge-type”" alloy 
bearings of tin, copper, lead and 
zinc will soon go into service on 
freight cars after 2 years of tests on 
USS. railroads. Life expectancy of new 
bearing is said to be 25 years—com- 
pared to 3% years for conventional 
bearings. It will require only minimum 
maintenance. 


Greater creep resistance 
—that is the quality imparted to ti- 
tanium with the addition of tin. Some 
titanium alloys contain as much as 
22.5% tin. The most successful con- 
tains 2.5% tin and 5% aluminum. It 
is principally used for jet aircraft 
parts requiring maximum strength in 
the range of 600-1100°F.; in high- 
strength welded assemblies; and in 
jet engine combustion chamber casing 
and other uses requiring a_ better 
combination of toughness, fatigue 
strength, and creep resistance at ele- 
vated temperatures. 


Electrodeposited coatings 
of tin-zinc have aided in solving 
auto fuel system problems caused by 
corrosive action of some fuels on car- 
buretor parts. 


A tin-cadmium alloy coat- 
ing, according to research reports, 
has excellent resistance to salt spray, 
jet fuels, high temperature synthetic 
oils, organic acid vapors; very little 
embrittling effect on hardened steel. 


Write today for more 
data on these items or 
tor a free subscription to 
TIN NEWS—a monthly 
bulletin on tin supply 
prices and new uses. 


The Malayan Tin Bureau 
Dept. 25K, 1028 Connecticut Ave., Washington 6, D.C 
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See Buehler Products 
Booth 415 | 
| National Metal Exposition 
Now you may have wet grinding facilities for hand prepa- Chicago, Nov. 2-6, 1959 


ration in your laboratory at a nominal cost. Convenience 
at your fingertips, always clean and ready for use. Simply 
attach to water and drain facilities. 


Individual elevated hard glass grinding surfaces are con- 
tinually flushed with streams of water. This floats off the 
surface removal products, provides lubrication, and leaves 
sharp abrasive edges exposed at all times. A control valve 
permits complete selectivity of the volume of water. Ample 
drainage facilities with standard pipe fittings are provided 
at the rear. The grinding platforms are pitched down- 
ward and away from the operator. 


METALLURGICAL 
The Handimet Grinding Paper is coated with a pressure A P PARATUS r 
sensitive adhesive backing and firmly holds when merely Pa Pan F 


pressed against the flat grinding surface. It is easily re- 
movable when sheet is worn. 


2120 GREENWOOD ST., EVANSTON, ILLINOIS, U.S.A. 
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Exhibit 
the Metal Show... 


two important new 
developments by 


Visit Lindberg Booth 520 at the Metal Show 
and see these latest developments by 
Lindberg engineers. 


The New Lindberg Floating Zone Scanner (shown 
at the left) has been expertly designed to 

provide more accurate and precise production 

of high purity semi-conductors and metals. It is 
an ideal tool for metallurgical research and 
production of semi-conductor devices. 


The new high temperature Graphite Tube 

“ Furnace, (shown below) has been developed to 

5S ——— a meet the demand for higher controlled temperatures 
for research and small production in the 

¥ es metallurgical and ceramic fields. Its temperature 

range of 1600° F. to 5000° F. makes it ideal for 

sintering of powdered metals, firing of ceramic 

bodies and high temperature chemical reactions. 


For full information on the new Floating 
Zone Scanner ask our High Frequency 
Division for Bulletin No. 1600. 


For full information on the new Graphite 
Tube Furnace ask our Pilot Plant Equip- 
ment Division for Bulletin No. T-1084. 


LINDBERG ENGINEERING CO. 
2448 West Hubbard Street, Chicago 12, Ill. 


Los Angeles Plant: 11937 South Regentview 
Avenue, at Downey, California 


In Canada: Efco-Lindberg, Ltd., Toronto 
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Laboratory Equipment: One- 
unit box furnace (shown), muffle 
or for non-oxidizing atmosphere 
with temperature range to 3000° F. 


Automatic Carbonitriding Fur- 
naces: Automated integral 
quench type (shown) with 
CORRTHERM electric elements. 


Gantry Type Furnaces: Verti- 
cal, controlied-atmosphere, drop 
bottom, hardening furnace 
(shown). Complete installation 


Atmosphere Generators: Hyen 
generator (shown) for endother- 
mic atmospheres. Generators 
for all required atmospheres. 


Melting and Holding Furnaces: 
Electric resistance furnace 
(shown) with capacities of 750 
ibs. to 1500 Ibs. 


Aluminum Reverberatory Fur- 
naces: Twin-chamber melting 
and holding furnace (shown) with 
45,000 ibs. capacity. 


hen a product nee 


is 


‘Applying heat to industry has been our only voca- 
(og Toe many years. When your product needs 
sense to consult the most widely 
expertéfiged experts you can find, We believe we 
have them here at Lindberg. First of all, we manu- 
facture a fallline of equipment, the most complete 
in the field; heat treating furnaces, salt bath 
furnaces, melting furnaces, induction heating 
units, ceramic kilns, laboratory and pilot plant 
+ furnaces—electric or fuel fired, built in our plant 
or field installed. So, we can recommend just the 


LINDBERG ENGINEERING COMPANY 
2448 West Hubbard Street, Chicago 12, Illinois 
Los Angeles Plant: 11937 South Regentview Avenue, at Downey, California 


ARGENTINA AUSTRALIA CANADA 
Lindberg-Argentina, S.R.L. Lindberg Engineering Co. Etfco-Lindberg, Ltd. 
Buenos Aires Melbourne Toronto 

WEST GERMANY JAPAN 


Benno Schilde Maschinenbau AG Lindberg Japan Engineering Co., Ltd. 
Bad Hersteld Tokyo 


FRANCE ITALY 
Etablissements Jean Aubé Lindberg Italiana, S.P.A. 


SOUTH AFRICA 
Efco-South Africa 


field-installed by Lindberg. 


Ceramic Kilns: Fully automatic, 
atmosphere controlled kiln 
(shown) has 5 control zones for 
flexibility. Maximum temperature, 
2700° F. 


Cyclone Tempering Furnaces: 
Batch type fuel fired tempering 
furnace (shown). Famous in 
metal treating industry for years. 


correct techniques best suited to your individus! 
requirement; and your préduction methods. Her: 
at Lindberg we have an exceptionally creative 
group of metallurgists, research techmician: and 
engimeers, the best in the business, we vow. You 
¢an count on them t® answer your industria! 
heating problems satisfactorily, mo matter how 
complex or unusual, Our world-wide organization. 
With plants end subsidiary companies in mar) 
coufiries, makes this superior service available 
you anywhere. 


Look in on Lindberg— Booth 520 at The Metal Show 


Paris Milan Johannesburg é 
SPAIN ENGLAND SWITZERLAND 
Aube-Lindberg, S.A.E. Electric Resistance Furnace Company, Ltd. Efco-industrieoten A.G. 
Barcelona Weybridge, Surrey Basel High Temperature Furnaces: 


New Graphite Tube Furnace 
(shown) with temperature range 
2600° F. to 5000° F. for research 
and production in metal and ce- 
ramic fields. 


+ WRIBERG heat for industry 


induction Heating Units: New 
Lindberg Floating Zone Scanner 
for precise production of hyper- 
pure semi-conductor materials 
and metals and Induction Heat- 
ing Unit (shown). 
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The heat treating requirements for the new Grand Rapids plant of Lear, 
Inc., were put into Lindberg’s hands. We supplied them in the way the 
photographs show. Our engineers cooperated fully with Lear in the selection 
of the proper Lindberg equipment and the layout of the complete heat 
treating department. This installation illustrates one of the big advantages 
of consulting with Lindberg. Our years of experience in all phases of the 
application of heat to industry, our complete line of all types of industrial 
heating equipment offer the best assurance that you can coordinate all 
your needs in one reliable, experienced source. Consult your local Lindberg 
Field Representative (see classified phone book) or write us direct. 


heat for industry 


Electric atmosphere brazing and annealing Electric pit furnace for treatment of high mnie 4 
. Hand pusher type . . . 2100° F. maxi- - temperature alloys in dry hydrogen atmos- ¥ 
retort for high temperature pit furnace "Atmosphere tempering furnace, 16° x 267 
“way 


Pioneer 
providing controlled 
atmospheres for heat “| 

treating, Liner 
offers atmosphere 
generators for every 
requirement 


The GENERATOR is fully autc 


matic process for af inesoensive and inexpensively oroduce an 
atmosphere for bright hardening . bric atmoephere tor Bright snnesing or 
per of silver brazing Of medium an: 2h of aon-lerfous Metals or ferrous metels 
on ; i ta factér 
For details write ittetin 1 carson etoetse totally free fram where decarburization is no acter, 
for's or decarburization. 


For details, write for Bulletin No. 197 


The HYEXK GENERATOR is © process to 


The new Lindberg HYNI Generator 


The new Lindberg HYNI Nitrogen Atmosphere 
Generator assures nitrogen of higher purity than has 
been achieved by other processes. It is capable of 
producing an atmosphere of 99.99% nitrogen through 
a completely new dry process. It uses the principle of 
burning a hydro-carbon fuel in a separate catalytic 
combustion chamber to obtain complete reaction 
without unburned methane, high residual oxygen or 
high percentages of oxides of nitrogen. Carbon diox- 
ide, water vapor, sulphur dioxide or hydrogen sulphide 
are simultaneously removed in a dry, absorbent ma- 


terial known as Molecular Sieve made by Linde 

Division of Union Carbide and Chemical Corporation. ‘ 
In the metals industry this superior nitrogen at- 

mosphere is ideal for bright hardening, free from 

carburization and decarburization . . . annealing and 

normalizing without scale, decarburization or car- 

burization ... bright copper and silver brazing... 

carbon correction of decarburized forgings or bar stock 

... Sintering of powder metals... gas carburizing and 

carbonitriding. It isalsousefulasa blanketing gas inthe 

chemical, petroleum and food processing industries. 


(zi BERG = Gas Processing Division LINDBERG ENGINEERING COMPANY 


2448 West Hubbard Street, Chicago 12, Illinois. Los Angeles Plant: 11937 South Regentview Avenue, at Downey, California. /n Canada: Efco-Lindberg, Ltd., Toronto. 
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Beat 


the Heat 


Barrier 
With 


Handy 
Harman 


High 


Temperature 
Brazing 


Alloys! 
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Some of the problems of elevated 
temperature joint strength and 
oxidation resistance in heat-resist- 
ant alloys are being solved today 
by a relatively new group of Handy 
& Harman high temperature braz- 
ing alloys. These alloys embody 
certain unique characteristics, all 
of which are requisite for high 
temperature brazing: 


e They have good strength 
and oxidation resistance at 
recommended temperatures. 


e They are ductile, with the 
ability to withstand vibra- 
tion and stress at elevated 
temperatures. 


e These Handy & Harman 
alloys provide minimum so- 
lution and penetration of 
the metals being joined; this 
is a particular advantage 
when joining thin sections. 


¢ These alloys effectively join 
stainless steels, low alloy 
steels, nickel-base alloys, 
cobalt-base alloys and other 
high temperature metals in- 
cluding refractory types. 


The list of successful applications 


changers, rocket motors, clad 
metals, honeycomb structures, tur- 
bine blades and many others. The 
following are brief descriptions of 


these Handy & Harman alloys: 


|LITHOBRAZE 925 


For short time 


operation to 90 


at 500° F. Very 


F, continuous 
ductile, virtually 


no solution of base metal. Good 
salt-spray corrosion resistance. 


For 


continuous serv- 


ice 900° F-1000° F. Fairly duc- 


tile, moderate 
of base metal. 


general solution 


|PREMABRAZE 128 


Continuous 


service up to | 


F. Ductile, 


moderate solution of the base 
metal. Tensile strength at 1600° 
F in 304 stainless steel is 20,000 
psi (short time test). 


|PREMABRAZE 130| Same proper- 


ties as PREMABRAZE 128, but 
freer flowing and lower brazing 


temperature. 


| PREMABRAZE 101| Continuous op- 


eration in 1800° F-2000° F range 
(based upon limited oxidation 
tests). Ductile, moderate solu- 
tion and penetration of the base 


includes jet engine parts, heat ex- metal. 
Nominal 

Alloy Composition mp? F fp° F 
LITHOBRAZE 925 925 Ag 7.3 Cu 2 Li 1435 1635 
HI-TEMP 30 70 Mn 30 Ni 1885 1920 
PREMABRAZE 128 72 Av 22 Ni 6Cr 1785 1900 
PREMABRAZE 130 82 Av 18 Ni 1740 1740 
PREMABRAZE 101 54 Pd 36 Ni 10Cr 2250 2300 


& HARMAN 


Source of Supply and Authority on Brazing 
HANDY & HARMAN 


General Offices: 82 Fulton St., Mew York 38, M.Y. 
DISTRIBUTORS IM PRINCIPAL CITIES 


Data sheets and complete details on each of the above Handy & Harman 
alloys are available upon request to Handy & Harman, 82 Fulton Street, 
New York 38, N.Y. 


conn 
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KNOW YOUR ALLOY STEELS... , 

This is the third of a series of advertisements dealing with 
basic facts about alloy steels. Though much of the informa- 
tion is elementary, we believe it will be of interest to many 
in this field, including men of broad experience who may 
find it useful to review fundamentals from time to time. 


What Does Grain Size 


The grain size of alloy steels is generally 
understood to mean austenite or inher- 
ent grain size, as indicated by the 
MecQuaid-Ehn carburizing test. Aus- 
tenite grain size should be distinguished 
from ferrite grain size, which is the size 
of the grains in the as-rolled or as-forged 
condition with the exception of those 
steels that are austenitic at room 
temperature. When steel is heated 
through the critical range (approxi- 
mately 1350 to 1600 deg F for most 
steels, depending on the composi- 
tion), transformation to austenite takes 
place. The austenite grains are ex- 
tremely small when first formed, but 
grow in size as the temperature above 
the critical range is increased, and, toa 
limited extent, as the time is increased. 
It is apparent, therefore, that both time 
and temperature must be constant in 
order to obtain reproducible results. 

When temperatures are raised ma- 
terially above the critical range, differ- 
ent steels show wide variations in grain 
size, depending on the chemical compo- 
sition and the deoxidation practice used 
in making the heat. Heats are custo- 
marily deoxidized with aluminum, fer- 
rosilicon, or a combination of deoxidiz- 
ing elements. Steels using aluminum or 
other deoxidizers in carefully controlled 
amounts maintain a slow rate of grain 
growth at 1700 deg F, while heats 
finished with other deoxidizers, usu- 
ally ferrosilicon, develop relatively large 
austenite grain size at temperatures 
somewhat below 1700 deg F. 

The McQuaid-Ehn test is the one 
ordinarily used for determining grain 


Mean In An Alloy Steel? 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


size. Steel is rated with a set of eight 
ASTM charts that are compared one at 
a time with a specially prepared steel 
sample until one is found to match. 
Number 1 grain size, the coarsest, shows 
11% grains per sq in. of steel area ex- 
amined at 100 diameters magnification. 
The finest chart is Number 8, which 
shows 96 or more grains per sq in. at the 
same magnification. 


Properties Affected by 


Grain Size 


Fine-grain steels (grain sizes 5, 6, 
7, and 8) do not harden as deeply as 
coarse-grain steels, and they have less 
tendency to crack during heat-treat- 
ment. Fine-grain steels exhibit greater 
toughness and shock-resistance—prop- 
erties that make them suitable for ap- 
plications involving moving loads and 
high impact. Practically all alloy steels 
are produced with fine-grain structures. 

Coarse-grain steels exhibit definite 
machining superiority. For this reason 
a few parts which are intricately ma- 
chined are made to coarse-grain practice. 

The correct specification and deter- 
mination of grain structure in steel is a 
subject that has been given long study 
by Bethlehem metallurgists. If you 
would like suggestions on this or any 
other problem concerning alloy steels, 
these men will be glad to give you all 
possible help. 

In addition to the entire range of 
AISI alloy steels, Bethlehem produces 
special-analysis steels and the full range 
of carbon grades. 


Export Distributor; Bethlehem Steel Export Corporation gETH EHEM 


BETHLEHEM STEEL Be 
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Here’s valuable help in the often-per- 
plexing job of picking the right ther- 
mocouple wells and assemblies for 
particular applications. 


This new Honeywell catalog brings you 
a wealth of useful data . . . provides all 
the information you need to make the 
right selection every time. Included in 
the catalog are: 

© Well designs and dimensions 

© Pressure and temperature ratings 

® Corrosion data 

® Thermocouple assembly data 


Honeywell 


FILL OUT AND MAIL THE COUPON FOR YOUR COPY—NO OBLIGATION 


MINNEAPOLIS-HONEYWELL 
Wayne and Windrim Avenues 


Philadelphia 44, Pa. Please send me a copy of the new Thermocouple Wells Catalog G102-1. 
Name Title 

Company 

Address City Zone State 
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| helps you choose the right 
E f if 
Tr 
MBLies / 
Ordering and pricing information 
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THER-MONIC is the only induction heater 


5 that protects your investment! 
eo) ... because it can be readily upgraded to higher output 
capacities to meet increased production requirements. 


...and can also be readily coupled to an identical 
unit to double the output. 


cabinet and a built-in heat exchanger that insures 
down to the maximum 
brags tacks » THER-MONIC is the only induction heater 


permitting the use of the widest range of work coils. 


INDUCTION 


THER-MONIC is the only induction heater 
... providing for 6000 KVA in tank circuit for 
efficient heating of non-magnetic metals. 


1%, assuring long tube life and i 
repetitive production results. ga 


‘Which generator offers you most for the money? 


~ THER-MONIC is the only induction heater 
c ... providing complete access for maintenance from 


two sides of the cabinet. 


wi juency can be increased 

me modifications, for the jobs that 
eat with conventional frequencies. sure | 


2 THER-MONIC is the only induction heater 
e ... with electrical and mechanical interlocks for 


maximum safety to equipment and personnel. 


These and 20 other 


THER-MONIC 


engineering achievements tell you here is the ‘ 
most generator* for your money. 
Why not nail down all the facts? ... Write for literature. 


INDUCTION HEATING CORPORATION 
181 WYTHE AVENUE, BROOKLYN 11, N.Y. 
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HOT METAL IN 


THE ELECTRIC ARC FURNACE 


By R. Durrer and G. Heintze 


Introduction 


This article is intended as a contribution to the direct re- 
fining of liquid pig iron in electric arc furnaces. The Frick- 
tal ore considered for smelting resembles in composition 
the Minette ore of Lorraine and produces a pig iron of 
high phosphorus content. In recent years, tests have been 
conducted at the Gerlafingen (Switzerland ) steelworks of 
Ludw. von Roll’schen Eisenwerke AG, to refine liquid pig 
iron, and in particular high-phosphorus pig iron, in the 
arc furnace: Within the framework of the tests reported in 
this paper, low- and high-phosphorus pig irons were 
charged as up to 70% of the total charge weight in 12-ton 
and 40-ton arc furnaces, using ore as the main refining 
agent. 


Ore Refining Problems 


The main problem in using ore as the refining agent is 
control of the refining reaction at high refining rates. Con- 
tinuous addition of ore in small quantities only permits 
carbon burn-off rates of about 0.3-0.5% C/h, which entails 
long heat times when large proportions of pig iron are 
used, together with a considerable drop in hourly through- 
put as compared with 100% solid charges. Charging large 
amounts of ore on to the furnace hearth or mixed with the 
solid charge materials can, as experience has shown, lead 
to non-uniform reactions associated with spontaneous ejec- 
tion of slag and steel as soon as the bath has reached a 
high temperature. 


Operating Technique 


When scrap and liquid pig iron are charged together, the 
arcs proceeding from the electrodes melt vertical cylin- 
drical or crater-shaped channels into the scrap projecting 
up from the liquid metal bath surface and tend to make 
direct contact with the pig iron covering the furnace 
hearth. This takes place faster when there is less scrap. 
The channels widen gradually under the influence of the 
arcs and can be considered for a limited period as self- 
contained crucibles or melting vessels, their walls being 
formed of scrap and their contents of liquid pig iron. As 
soon as the arcs reach the liquid pig-iron bath surface they 
try to form a closed circuit with the latter. Thus the heat 
produced is concentrated in a very confined space and is 


R. Durrer, 
Managing Director 
Gesellschaft der Ludw. von Roll’schen Eisenwerke AG, 
Gerlafingen, Switzerland 


G. Heintze, 
Chief Metallurgist 


transmitted to the liquid metal. If the ore required to refine 
the pig iron is now added mainly in the immediate vicinity 
of the arcs playing on the bath, it enters into rapid and 
violent reaction with the accompanying elements contained 
in the pig iron. At the same time this reaction (at first 
locally confined ) between the ore and the pig-iron carbon 
produces a pronounced effervescence in the slag formed; 
the arcs are completely covered and screened by it and 
subsequent rapid melting of the scrap is delayed. A con- 
siderable proportion of the heat produced by the arcs is 
expended in reduction of the ore by the accompanying 
elements in the pig iron. Further melting of scrap can only 
take place to a limited extent by the direct arc action and 
is mainly due to gradual heating from the already molten 
part of the charge in which the scrap is immersed. In this 
way not only is the reaction centre, where the energy input 
is high, screened off so that the furnace walls cannot be 
directly affected by radiation from the arcs, but also the 
scrap still to be melted acts as an independent temperature 
regulator. Under these conditions the carbon burn-off re- 
action can be controlled by direct adjustment of the en- 
ergy input. 

Ore can be charged into this gradually widening cruci- 
ble either by direct charging or by suitable mixing in the 
solid charge, so that the ore is mainly contained in the 
vicinity of the crucibles as they form and is exposed to the 
direct arc action at an early stage. The lime required can 
be handled in the same way, so as to ensure early slag 
formation. 

When, after a certain time, the three separate crucibles 
first formed by the arcs come to break down, the ore al- 
ready added will have largely dissolved in the slag and 
much of it will have already been reduced. The bath con- 
tinues to boil uniformly and the ferrous oxide content of 
the slag to fall correspondingly until the required initial 
carbon content is reached. By estimating the ore quantity 
as closely as possible, with reference to the pig-iron analy- 
sis, scrap composition, and the extent to which the scrap 
is oxidized, the desired initial carbon content can be 
achieved with sufficient accuracy. The heat is finished in 
any required manner, as with ordinary scrap heats. When 
high-phosphorus pig iron is charged, the phosphate slag is 
removed at a higher carbon content and refining completed 


This article is an abridgement of a paper published in the JOURNAL OF THE IRON AND STEEL INSTITUTE, May 1959. 
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under a second low-phosphorus slag. When low-phos- 
phorus pig iron is charged, the amount of ore can be 
estimated so that the initial carbon content is only a few 
points below the required final content and only a short 
time is needed to finish the heat. 

Table I gives the time-table for the heat, with the corre- 
sponding bath and slag analyses. It must be pointed out in 
connection with this table, that because of the refining 
— being repeatedly interrupted and because of the 

eat losses due to removing the roof, the melting time was 
considerably increased. 


Operation/ Steel Slag 
Time, min Condition c,% Fe, % 
0 Switch-on 3.50 1.770 
50 Remove roof 
sample 1 2.28 0.570 16.75 17.90 
85 - 2 1.58 0.275 14.47 10.82 
115 y 3 0.92 0.030 15.00 18.30 
140 Scrap all melted 
sample 4 0.68 0.025 14.81 17.30 
150 Sample 5 0.58 0.035 13.77 13.38 


Table !. Changes in bath and slag composition during refining, with about 
50% liquid high-phosphorus pig iron in the charge. 


Furnace Data 


Table II gives the most important characteristics of the 
are furnaces. 


Characteristic 40-Ton Furnace 12-Ton Furnace 
Electrode control ........... electric-hydraulic electric-hydraulic 
Nominal size, tons ......... 30 12 
Charge weight, tons ........ 38-42 13-15 
Transformer rating, kVA ..... 18,000 3,500 
Primary voltage, v .......... 45,000 3,000 
Secondary voltage, v ....... 370/129 200/81 
Electrode material ......... Graphite Graphite 
Electrode diameter, mm ..... 500 350 
Secondary current 
per electrode, A ............ 27,000 10,100 
Method of charging ......... pan pan 
Inside dia. of casing, mm .... 5,200 3,200 
Electrode pitch dia..mm .... 1,600 1,250 


Table Il. Characteristics of arc furnaces used. 


Material Data 


Typical pig iron compositions are contained in Table III. 
The temperature of the pig iron on charging into the 
furnace was about 1250-1300°C. 


Metal 
Furnace charge, Pig-iron proportion, % c 


Operational Results 


The overall melting time for a heat, reckoned from tap to 
tap, can be divided into three stages, the durations of 
which are influenced by different factors: 

(1) Charging and intermediate time. 

(2) Melt-down time. 

(3) Time for finishing the heat. 

In comparing different arc furnace melting techniques, 
i.e., in this case in comparing the all-scrap technique with 
the pig iron plus ore technique, one must first consider the 
melt-down times, the melting rates, and the corresponding 
energy consumption associated therewith. In the follow- 
ing, the times up to taking the first sample are compared 
for the two methods of working (the all-scrap technique 
and the pig iron plus ore technique ), the first sample being 
taken with the melts in roughly the same condition. In the 
pig iron plus ore technique, the melt-down time includes 
melting the scrap and refining the pig iron. The finishing 
of the heat should then require about the same time for 
similar steel qualities, so long as the preceding refining 
period in the pig iron plus ore technique exerts no decisive 
influence on the further metallurgical progress of the melt 
until it is tapped. 

Table III in addition to giving data on the charge, the 
pig-iron composition, and the steel composition at the 
first sampling, gives the melt-down time (from switch-on 
to first sample ), the melting rate calculated from the latter, 
and the corresponding energy consumption for charges 
with around 50% liquid pig iron, against the results for 
100% scrap charges. 

Of the heats melted in the 12-ton are furnace (groups 
1-3), special mention should be made of those with high- 
phosphorus pig iron, since low-phosphorus pig iron was 
only used in a few tests. The phosphorus content of the 
pig iron was 1.84%, as the average of 173 heats made in 
the course of production; against this the first steel samples 
showed 0.060%P with an average carbon content of 0.42%. 
Despite the considerable energy consumption in dephos- 
phorization, the melting load (7.50 tons/h) is about 32% 
higher than for the all-scrap heats quoted for comparison. 
It should also be noted that the scrap heats were subject 
to special observation as test heats, and the results 
achieved were thus even better than could be expected in 
the course of normal production. The energy consump- 
tion to melt-down at 384kWh/ton, is 23% lower than with 
an all-scrap charge. The three heats with low-phosphorus 
pig iron in the charge show even better results. 

In the tabulated results obtained in the 40-ton are fur- 
nace groups (4-7), the average values for 82 successive 


11,515 
14,740 3.92 
13,880 3.56 
40,900 - 

3.44 


3.33 


low-phosphorus 


14 
0.55 


0.69 
0.79 
7 12 40t 36,900 49.4 363 0.72 


Table Il. Charge data up te first sampling, 12- and 40-ton electric arc furnaces. 


0.035 0.11 


0.041 0.19 


— | 031 0.33 
0.50 O.111 0.051/ 038 0.14 


0.38 


1.370 0.055) 0.32 0.16 


0.63 0.125 0.047) 0.22 0.18 0.021 0.041 54 | 41.0 | 344 


|. 
Switch-on to 1st 
Sample 
Group Pig-iren Analysis, % Stee! Analysis, % on 
| som (1st Sample ) | pat | Energy 
1 10 12t 0.047 0.046 | 125 | 474 
2 3 12t | 0 0.057 0.043 | 110 | 81) 340 
3 | 173 | 064 1840 0.060 0.028 | 112| 75| 386 
4 155 40t - P| 0.049 0.061 | 97 | 25.2) 456 
0.036 0.052 | 70 | 347 | 328 
0.037 0.040 | 74 | 33.1 | 348 
| 
te = tons charged 


Transformer rating, 
KVA 


Melting rate, 
ton/hr 


5,000 6.6 E. Pakulla 


200 5.6 
8.1 
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von Roll 
von Roll 


50% liquid pig-ironlowP ........... 
50% liquid pig-iron high P 


3,500 
3,500 
3,500 


100% solid 
100% solid 


11.5 
17.9 


E. Pakulla 
E. Pakulla 


9,000 
15,000 


50% liquid pig-iron lowP ........... 
50% liquid pig-iron high P 


18,000 
18,000 
18,000 


25.2 
41.0 
33.1 


von Roll 
von Roll 
von Roll 
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heats with low-phosphorus and 41 with high-phosphorus om 123 2 
pig iron are again compared with results from all-scrap pe a : 
operation. The carbon and phosphorus contents of the 
first samples varied little. Against the 100% scrap heats, a 
reduction of about 29% in energy consumption is obtained 
when charging 50% liquid low-phosphorus pig iron and 
about 23% with high-phosphorus pig iron. The melting ™ 
rate is correspondingly 37% and 32% higher. 


Table IV gives the hearth diameters, charge weights, 
transformer capacities, and maximum melt-down voltage 
for the are furnaces at Gerlafingen, and the melting rates 
achieved with 100% solid charge and with 50% liquid pig- 
iron charge, compared with the values published by «| 
Pakulla for various arc furnaces. Bearing in mind the 
differences in charge weight and the different transformer 
capacities, the melting rates achieved for 100% solid 
charges in the 12-ton arc furnace are more or less com- 
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parable. The decisive influence of transformer capacity 

can be seen in the example of the 40-ton furnace. With a 
transformer capacity of 18,000kVA and a charge weight of 
about 41 tons, a melting rate of 25.2 tons/h was achieved 
at Gerlafingen on 100% scrap charges, whereas Pakulla 
quotes only 17.9 tons/h for a furnace with larger hearth 
diameter and a 73-ton charge, but with a lower trans- 
former rating of 15,000kVA. Thus the melting rates 
reached with 50% liquid pig iron in the 40-ton furnace 
(18,000kVA), i.e., 41.0 tons/h for low-phosphorus pig 
iron and 33.1 tons/h with high-phosphorus, are as much 
as 138% and 86% higher respectively than quoted by 
Pakulla for the 70-ton furnace equipped with a less power- 
ful transformer (15,000kVA ) working on all scrap. 


Figures 1 and 2 show the course of heats in the 40-ton 
are furnace charged respectively with low- and high- 
phosphorus pig iron. The initial compositions plotted on 
the vertical axis refer to the average charge compositions 
(pig iron and scrap). The carbon burn-off curves were 
drawn to approximate the actual course of refining. Tables 
V and VI give the material balances for the two heats 
shown in Figs. 1 and 2. 
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Figure 1. Curves for a heat in the 40-ton arc furnace, charged with 50% 
low-phosphorus liquid pig iron. 
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Figure 2. Curves for a heat in the 40-ton arc furnace, charged with 50% 
high-phosphorus liquid pig iron. 


Maximum 
composition tons voltage, Remarks 
3200 
13.9 3,200 
35.0 5,200 270 
‘ 40.9 5,200 370 
36.9 5,200 370 
40.3 5,200 370 
Table IV. Furnace data, charging with 100% solid charge, and 50% liquid pig-iron charge. i 
| 
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Total metal charged , 983. 
Fe from 4,500 kg ore (68% Fe). 88. 
Ferromanganese 3. 


Total metal content of 


1,075.4 
32.0 
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1,000.0 
75.4 


37,200 1,075.4 109.4 


o 
~8 08 
o 


Table V. Charge data for a 40-ton arc furnace heat with 
low-P pig iron in the charge 
(Heat No. 52895). 


Total metal charged 
Fe from 5200 kg ore (65% Fe). 
Ferromanganese 


Total metal content of 


100.0 


Table Vi. Charge data for a 40-ton arc furnace heat with 50% liquid 
high-P pig iron in the charge 
(Heat No. 51494). 


The decisive factor in the increased output for charges 
with high proportions of liquid pig iron is mainly the 
shortened melt-down time to the first sample. The finishing 
of the heat proceeds in the normal manner for the arc 
furnace, regardless of the type of charge. When liquid 
pig iron is charged, lively boiling takes place during the 
melt-down, associated with extensive dephosphorization 
and desulphurization, so that the finishing time can also 
be curtailed without deleterious effects on steel quality. 

With this increase in output is associated a notable 
reduction in energy consumption, namely about 17% for 
heats with high-phosphorus pig iron in the charge and 
about 21% in the case of low-phosphorus pig iron. These 
energy consumption figures, like those for hourly output, 
refer to the molten steel yield. 

Fig. 3 shows the hourly outputs for are and O H fur- 
naces, as a function of furnace size (yield in tons). In this 
figure the values published by Pakulla, based on output 
figures from arc furnaces at Deutsche Edelstahlwerke and 
on data from the Battelle Memorial Institute Report, are 
amplified by our own test results and by more recent data 
on large arc furnaces and O H furnaces operating on the 
pig iron plus ore technique. The hourly outputs for the 
40-ton arc furnace operating with about 50% liquid pig 
iron are higher than for the 200-ton O H furnace and 
roughly correspond to the good results on 70-ton arc 
furnaces operating on 100% solid charge. 


ARC FURNACES SOLID CHARGE (ref PARULLA) 


OPEN HEARTH FURNACES FIXED MIXED GAS 
SOLID CHARGE (ref A MUND AND C HREUTZER) | 


OUTPUT tons/hour 


GERLAFINGEN ARC FURNACES 

won 

@ SON LIGUID, LOW PHOSPHORUS PIG IRON 
SB SON LIGUID HIGH PHOSPHORUS PIG IRON 


USA ARC FURNACES (ret A COGAN, 1957) | 
100% SCRAP | 

| 

| 

| 

i 

a 

200 


25.30% LIQUID PIG IRON 

OPEN HEARTH FURNACES 

tet BATTELLE MEMORIAL INSTITUTE 

& wet W OELSEN AND VOIGT 
UP TO 75% LIQUID HIGH PHOSPHORUS 

ARC FURNACE AT CHARLERO! 


100 180 
VIELO TONS 


Fig. 3. Hourly outputs for arc furnaces charging 100% scrap and large 
proportions of liquid pig iron, compared with fixed O H furnaces. 


The consumption of refining ore depends largely on the 
pig iron composition, the desired final carbon content, and 
(by no means least) the oxygen content of the ore itself. 
If a rich hematite ore is used, one can estimate at about 
220-290 kg ore per ton of pig iron. Using magnetite ore, 
the ore consumption is correspondingly higher. The 
degree of oxidation of the scrap can greatly influence the 
ore consumption. 


The iron pickup from the ore depends on the propor- 
tion of pig iron in the charge and the ore required per ton 
of pig iron. With pig-iron proportions of about 50-70%, the 
iron pickup was between 8 and 12% of the weight of metal 
charged. 


The yield of metal was closely observed during the 
series of tests. Taking into account the iron contained in 
the ore, the molten metal yield averaged between 92 and 
94%. Referred to the metallic charge alone (pig iron and 
scrap) this gave a yield of about 101-103%, corresponding 
to an iron pickup from the ore of about 9%. 


The lime consumption is greatly influenced by the pig 
iron composition. Melts with pig iron low in phosphorus 
and silicon content under 1.0% required an average 32 kg/ 
ton of steel. When the pig iron contained more silicon and 
more desulphurization was required, the lime require- 
ment rose to over 50 kg/ton of steel. 


All data in this article are expressed in metric units. 


7 Total 
charee, | | 
kg / 
/ 
/ 
25 
/ | 
| / 
/ 
Yield 
Molten steel ...............] 34,600 20 
| 
| 
(scrap + 
(scrap + | pig + Fe | 
vig. from ore 
+ FeMn), | | 
% ; 
Charge | | 
Scrap... 19,500 518.0 52.3 47.7 
Liquid pig iron 173800 474.0 47.7 43.6 
3,370 89.6 9.0 8.3 |: 
150 4.0 0.4 0.4 h 
tits 40,820 1,085.6 109.4 100.0 lio 
Lime 3,910 104.0 10.5 9.6 
Yield ; 
Molten steel ...............] 37,600 1,000.0} 100.8 92.0 | 
3,220 85.6 8.6 8.0 
Total 40,820 1,085.6 109.4 —— 
0 50 
fi 


Metallurgical Considerations 
Carbon 


The carbon burn-off rate, which has a decisive influence 
on the duration of the heat, is determined by the quantity 
of oxygen introduced per unit of time. However, since 
the reaction between the ore and the carbon is strongly 
endothermic, the carbon burn-off rate in the presence of 
sufficient ore becomes a function of the electrical energy 
supplied per unit of time. 

When, as in the examples quoted, the refining time is 
kept below lhr. with about 50% liquid pig iron in the 
charge, the mean carbon burn-off rate can be reckoned at 
about 2% C/h. Considering only the pig iron in the charge, 
' this corresponds to a mean carbon burn-off rate, for the pig 
| iron of about 3%C/h. In Figs. 1 and 2 it was shown that 
carbon burn-off does not proceed uniformly during the 
refining period. In the first 10-15 min it is relatively low, 
reaching its maximum during the next 25-30 min and 
falling off again towards the end of refining. Roughly 75% 
of the carbon is oxidized within about 25 min. In this 
period one must assume a mean carbon burn-off rate of 
about 3%C/h, referred to the total charge, and a true rate 
of about 6%C/h for the pig iron. 

When carbon is oxidized, considerable volumes of 
carbon monoxide are formed. For the types of charge 
described, and with the carbon burn-off rate held high, it 
was necessary to reckon with the evolution of about 0.5 
m’'/s (NTP) of CO during the main refining period. The 
gas issuing from the furnace during this period contained 
about 70-80% CO. 


Phosphorus 
When high-phosphorus pig iron is charged in the arc 


furnace, dephosphorization becomes of decisive import- 
ance. An example of dephosphorization, in comparison to 
that of carbon burn-off, has already been given in the 
discussion of the principles underlying the technique. 
Although the »ig iron contained 1.77%P, at 0.92%C in the 
bath, dephosphorization had already proceeded to 0.030%, 
with the slag loaded up to 15%P,0;. Thus under these 
working conditions, dephosphorization can be made 
largely to precede carbon burn-off. 
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Fig. 4. Refining in 12-ton arc furnace with about 50% liquid 
high-phosphorus pig iron in the charge. Charge No. 54988. 
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Figure 4 shows the burn-off of the accompanying ele- 
ments in the pig iron, in detail, together with the changes 
in slag composition during the refining period. With a 
charge containing about 50% pig iron of phosphorus con- 
tent 1.96%, the amount of lime used was 13.7% of the 
weight of pig iron. At the end of the refining period the 
slag contained 17.40% P.O; and 6.41%Fe, and the bath 
0.58%C and 0.100%P. The bath temperature was 1565°C. 


Table III gives the mean compositions of the pig iron 
and of the first steel samples for 173 heats in the 12-ton 
furnace and 41 heats in the 40-ton furnace. When these 
are compared with corresponding samples for heats made 
with low-phosphorus pig iron and with 100% scrap, it can 
be seen that, in spite of the high phosphorus content of 
the pig iron, that of the steel is at about the same low level. 
Bearing in mind the short refining period and the low 
energy consumption, this result is very satisfactory. 

With increasing free lime content or decreasing PO; 
content in the slag, definitely lower phosphorus contents 
were found in the steel. Better dephosphorization was 
obtainable in the 40-ton arc furnace for comparable free 
lime contents in the slag. Apparently the higher specific 
transformer capacity has a favorable influence here, 
causing more intense and more uniform reaction between 
slag and bath. 

The slags rich in P,O, were normally removed after the 
first sample to eliminate the remaining carbon after replac- 
ing with a second highly basic slag and to finish the heat in 
the normal way. This also facilitates further dephosphori- 
zation down to very low levels. The composition of the 
first phosphorus-rich slag suggests that it may find use 
as a fertilizer. Investigations of the citric acid solubility 
of these slags are in progress. 

Figure 5 shows the frequency distribution curve for the 
final phosphorus contents reached in the finished steel 
(tap samples), for 144 successive heats. In spite of the 
high phosphorus content in the pig iron, namely 1.8%, over 
75% of all heats contained less than 0.030%P. In the few 
heats with higher phosphorus contents the slag was not 
removed adequately, so that the increased P.O, in the 
finishing slag led to ready phosphorus reversion as the 


temperature was raised. In the 40-ton furnace similar 
results were attained. 
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Fig. 5. Frequency distribution curve of phosphorus content of the finished 
steel from 144 heats under ti ducti 
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Sulphur 


Desulphurization in the arc furnace causes no particular 
problems. When high-phosphorus pig iron was charged, 
however, desulphurization during the refining period was 
found to be clearly superior to the case when low-phos- 
phorus pig iron was charged. The samples come from 
three test series with high-phosphorus pig iron and differ- 
ent amounts of lime in the charge. The differences in mean 
free lime content of the slags compare as follows: 


Furnace capacity, Free lime content, 
Test series tons %(CaO)’ 
A 12 23.55 
B 12 17.90 
C 40 12.98 


In group A, with the highest mean free lime content, were 
found the highest partition coefficients and the lowest sul- 
phur contents for the steel. 

Using highly basic finishing slags practically any sul- 
phur limit requirement can be met in the arc furnace. In 
the majority of the heats it was possible to get below 
0.020%S, despite the relatively high sulphur contents of 
pig iron and scrap. In the 40-ton are furnace, a consider- 
ably lower slag basicity was used experimentally, so that 
somewhat higher sulphur contents had to be expected 
in the steel. 


Nitrogen 


In about 70% of the heats, values of 0.004%N or less were 
obtained. Tests carried out later have shown that values 
of 0.002-0.003%N can be maintained for unkilled mild 
steels, and 0.004%N for killed steels. 


Experiments on Direct Steelmaking by 
Additional Smelting of Ore Fines 
with Coke Fines 
From the point of view of material costs, the gain in iron 
from the ore can have considerable economic importance. 
The iron in the ore is converted directly into steel ready to 
pour. Durrer pointed out years ago that the pig iron plus 
ore process is the only one used on a truly industrial scale 
in which iron in the ore is converted in one operation to 

finished steel. 

Following Durrer’s line of thought, further tests were 
carried out in which more ore was added to the charge 
than required to refine the pig iron, and the extra ore 
reduced using additional solid carbon, e.g., coke fines, in 
the arc furnace. 

In tests in the 12-ton and 40-ton furnaces it was possible 
in this way to obtain an iron gain in the form of finished 
steel, amounting to more than one-third of the original 
metallic charge. Thus the molten-steel yield in terms of pig 
iron and scrap charged could be raised to more than 130%. 

As an example of the economic possibilities of such a 
technique, data are given on a heat made in the 40-ton 
furnace. Table VII shows the material balance for a 
heat in which additional iron to the amount of 23.1% of 
the weight of metal (pig iron and scrap) charged was 
obtained from ore and converted directly to steel. The 


Total metal charged... . . 30,800 883.0 | 100.0 80.7 
Fe from 10,000 kg ore| 


(68% Fe).......... 7,130 2044; 23.1 18,7 
Ferromanganese ....... 230 6.6 0.8 0.6 
Total metal content of 

38,160 | 1,094.0 | 123.9 | 100.0 

1,400 40.2 46 3.7 

Coke fines .......... 1,900 545 6.2 5.0 
Yield 

Molten steel ........ 34,880 | 1,000.0 | 1133 | 914 

3,280 940} 106 8.6 
38,160 | 1,094.0 | 123.9 | 100.0 


Table Vil. Material balance for a 40-ton arc furnace heat with additional 
smelting of ore fines and coke fines, Heat No. 52597, 
23.1% Fe gain from ore. 


yield in terms of the total metal content of the charge was 
91.4%; it can thus be assumed that practically all the ore 
had been reduced and only the natural losses have 
occurred. 

In spite of the relatively extensive reduction required, 
the entire melting time from tap to tap was only 160 min. 
In comparison with the 100% scrap technique, roughly the 
same hourly output was attained despite the extensive 
reduction, but the energy consumption was increased by 
about 15-204. 

Since in this type of heat three processes, namely scrap 
melting, pig iron refining, and ore reduction by the addi- 
tional solid carbon charged, are taking place side by side, 
it is difficult to find the true energy consumption for these 
three heat-consuming processes. An estimate of the heat 
consumed in melting the scrap and in refining the pig 
iron, on the basis of known consumption figures, suggests 
that one can reckon on requiring less than 2,000kWh/ton 
for the energy to convert the ore directly to steel; in other 
words, less energy is needed than in the production of 
pig iron in the electric smelting furnace. 

Input records for the 40-ton furnace show that with a 
charge consisting entirely of scrap, the frequent arc extinc- 
tion leads to pronounced variations in input, whereas both 
when liquid pig iron is charged, and with additional 
reduction, the energy input is very steady and the furnace 
operates completely quietly. 


Total 
Pig iron | content 
Metal 
+ (scrap 
ay charged, + fe 
from ore 
+ Fema), 
% 
Charge 
Scrap ..............] 15500 | 4450} 503 
Liquid pig iron .......| 15,300 | 438.0 | 49,7 
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Fluid-cooled copper conductors. The growing 
need for compact electrical assemblies which 
can handle high current densities is leading 
to an ever-increasing variety of hollow, fluid- 
cooled copper conductors. The samples shown 
about three-quarters full size above give some 
idea of the range of sizes and shapes produced 
by The American Brass Company. 

Nuclear physics magnets are, perhaps, the 
most spectacular applications of fluid-cooled 
conductors. These hollow conductors range 
from tube .182” square O.D. x .083” square 
1.D. to heavy rectangular bars with a round 
core for water cooling. 

Industrial applications. The use of fluid- 
cooled conductors is growing rapidly in large 
electrical equipment. Generator output can 
be greatly increased, without increasing frame 
size, by cooling stator and rotor bars. Fluid- 


THE SHAPE OF THINGS TO COME 


’ WITH ANACONDA ELECTRICAL COPPER 


cooled conductors are being used in heat sinks 
for rectifiers and induction furnace coils. An- 
other interesting use is in compact water- 
cooled windings needed to provide very high 
flux densities in, for example, the ceramic 
magnet manufacturing process. These “sole- 
noids” are being built for applications in 
which the current range is from a few hun- 
dred to about 2000 amperes. 

Technical assistance. Whatever your problem 
—liquid-cooled field coils, rotor bars or a spe- 
cial-shape tubular conductor—technical spe- 
cialists at The American Brass Company will 
gladly help you work out the size and shape 
best adapted to your needs. See your Ameri- 
can Brass representative or write: The Ameri- 
can Brass Company, Waterbury 20, Conn. In 
Canada: Anaconda American Brass Ltd., New 


Toronto, Ontario. wera 


ANACONDA 


ELECTRICAL COPPER PRODUCTS 


Made by The American Brass Company 
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Pioneer Company in 
Induction Heating Equipment 


New in name but rich in tradition and experi- 
ence... that’s Ajax Magnethermic. The men who 
did much of the original pioneering work in induc- 
tion heating—Northrup, Wyatt, Clamer — founded 
or were associated with the companies who joined 
together this year to form Ajax Magnethermic 
Corporation. 


This new name combines three old names in the 
business—Ajax Engineering Division, pioneers in 60 
cycle melting; Ajax Electrothermic Division, pioneers 
in high-frequency melting; and Magnethermic Divi- 
sion, pioneers in induction billet heating. 


This old, “new” company now offers the most 
complete line of induction heating equipment, the 
most experienced staff, and largest facilities of 
any company in the business. When you have a 
heating or melting application and want guidance 
and unbiased recommendations, consult Ajax 
Magnethermic. Our only business is the design, 
engineering and manufacturing of induction heat- 
ing equipment for io and ae 


A 


J 
Magnethermic 
Corporation — Youngstown, Ohio 


Sales Offices 

Atlanta, Chicago, Cincinnati, Cleveland, Denver, Detroit, Erie, 

Houston, Los Angeles, Nashville, New Haven, Philadelphia, Seattle 
. Ajax—Ontario, Canada; Dusseldorf, Germany 


Development Engr 
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Immersed Electrode Salt 
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Electric Endothermic 
Atmosphere Generator 


Gas-Fired Endother mic 
Gas Generator 


Gas-Fired Salt Pot Furnace 


Electric Shaker 
Hearth Furnace 


Clectric Vertical 
Retort Furnace 


“Clean-Line” Automatic Heat 
reat Unit 


Electric Conveyor Furnace 
Combustion Tube 
Furnace 
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SUDDENLY, IT’S THE BIG LINE OF 
INDUSTRIAL HEATING EQUIPMENT! 


Industrial Furnaces and Ovens, Electric and Fuel * Laboratory Furnaces * Dry Type Transformers * Constant Current Regulators 
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Two-Chamber, Rack-Loaded Oven Slot Type Forge Furnace 


Gas-Fired Tray 


Two-Chamber Melting and 
Holding Furnace 


Loaded Oven Magnesium Melting and 


Double Chamber Dry Hearth Melting 
and Holding Furnace 


Electric Tray 
Loaded Oven 


Holding Furnace 


Gas-Fired Barrel Melting Furnace 


Electric Holding 


Double Chamber Aluminum Melting 


tron Pot Melting Furnace 


Stationary Crucible 
Melting Furnace 


Electric Crucible Holding Mechanically Tilted Crucible 
Furnace Melting Furnace 


It was planned for years...a big, brand new 
plant with the latest production facilities . . . the 
acquisition of several heating equipment com- 
panies ...and suddenly, Hevi-Duty offers the 
largest, most complete line of electric and fuel 
fired furnaces and ovens in the industry. Shown 


HEVI-DUTY 


and Holding Furnace 


Double Chamber Barrel 
Furnace 


Hydraulic Tilt tron 
Pot Furnace 


Gas-Fired Crucible Melting 
and Holding Furnace 


here are representative units available. 


Write for complete details. Perhaps that 
expensive “custom-built model” you need is a 
standard item or a simple adaptation from the 
big Hevi-Duty line. 


A DIVISION OF Co = BASIC PRODUCTS CORPORATION 


HEVI-DUTY ELECTRIC COMPANY, MILWAUKEE 1, WISCONSIN 
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UPDATE 


your Riehle Testing Machine 
reference file... 


o help you expand your testi 


RIEHLE 


TORSION TESTERS © 


machine reference file, several 
additional* bulletins recently have 
been included in the Riehle collection 


of technical information. Simply 


check the list below, clip it to your 
letterhead, and we'll promptly 


send the literature you request. There RIEHLE 
COMSTRUCTION MATERIALS 


is no obligation. 
TESTING MACHINES 


wt 


() *The Charpy Impact Machine and Procedure (1) Portable Hardness Testers 
*Hardness Conversion Chart for Hardened 

() Universal Screw Power Testing Machines and [] Horizontal Tensile Testing Machines 
*An Axial Loading Creep Machine 

O Materials Testing Machines and impact Testing Machines 

L] Torsion Testing Machines CL) Testing Machines Guide 

L] *Glossary of Terms Representing Mechanical L) Riehle Recorder and Accessories 


CL) Creep and Stress-Rupture Testing Machines Worth a Thousand Expert Opinions." ™ , 


] Losenhausen Fatigue Testing Machines 


*Newly Introduced Fatigue Testing Machines Rj L| 
C1 Riehle Electro-Balanced Indicator Unit ie & TESTING MACHINES 


(} Brinell Hardness Testers 
CO Vickers Hardness Testers A DIVISION OF 


American Machine and Metals, Inc 


EAST MOLINE, ILLINOIS 
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Cleanliness Tester 


A new cleanliness tester that makes 
it possible to assign numerical values 
to surface cleanliness where non- 
bonded soils are involved has been 
announced by Branson Ultrasonic 
Corp. The tester has a linear scale 
from 0 to 1000 with 1000 indicating 
absolute cleanliness. Accuracy of one 
part in a thousand is made possible 
by a ten-turn potentiometer in the 
balancing circuit. Testing involves the 
following two steps: (1) Soil is re- 
moved from the surface under test 
with transparent, pressure-sensitive 


tape that is then affixed to a micro- 
scope slide. (2) Optical density of the 


composite (tape, soil, and slide) is 
measured by the tester, which is ac- 
tually a densitometer designed for 
that purpose. The unit measures 12 by 
14 by 8 in. and weighs 18% lb. Power 
drawn is 50 w. at 100 v., 60 cycles. 

For further information circle No. 755 
on literature request card, page 48-D. 


High-Vacuum Furnace 

An automatic high-vacuum furnace 
with a workspace of 24 by 36 by 12 in., 
operating at a pressure of 1 mm. Hg. 
and a temperature of 2275° F., has 
been announced by Ipsen Industries, 
Inc. This heat treating unit is adapt- 
able for copper and for nickel brazing 
of flat stainless assemblies that are 
heated from above and below. Other 
uses include hardening, tempering, 
drawing and annealing refractory met- 
als, reactive metals, stainless and 
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special alloy steels. The furnace is 
charged horizontally and has a roller 
hearth. The charging door operates 
airdraulically and has a 3-in. sight 
glass. The vacuum system consists 
of a 100-cfm. mechanical pump and a 
10-in, diam. vapor diffusion pump. 

For further information circle No. 756 
on literature request card, page 48-D. 


Metallizing Wire 

General Electric Co. has announced 
stranded tungsten wire with an alumi- 
num case for vacuum metallizing. The 
new wire becomes an open-strand de- 
sign the first time it is flashed in use. 
As the aluminum core vaporizes and 
disappears in the first flash of the 
metallizing process, space is left be- 
tween the tungsten strands of the 
coil. This increases tungsten surface 
area over tightly-twisted tungsten 
strands. The tungsten wire is long 
grained for longer life and extra 
strength. 


For further information circle No. 757 
on literature request card, page 48-D. 


Ultrasonic Cleaner 

A new ultrasonic cleaning unit that 
can handle two different jobs at the 
same time in small parts cleaning, 
laboratory processing and investiga- 


tion of various ultrasonic phenomena 
has been announced by the Narda 
Ultrasonics Corp. This new Son- 
Blaster agitates the contents of two 
400-ml. glass beakers. It is possible 
to wash and rinse parts simultane- 
ously, use two different solutions at 
the same time, use any chemical, acid, 
or alkali solvent in glass beakers, or 
use the stainless steel tank without 
beakers. Equipment includes an ultra- 
sonic generator, a _ transducerized 
ultrasonic tank and two glass beakers. 
For further information circle No. 758 
on literature request card, page 48-D. 


Seamless Tube 


A new integral finned low-carbon 
and alloy seamiess steel tube has been 
announced by Michigan Seamless Tube 
Co. New extruding equipment has 
made it possible to produce integral 
finned seamless steel tube for use in 
shell and tube heat exchangers. The 
tube is furnished with plain ends for 
rolling into tube sheets with the out- 


side diameter of the plain end and the 
finned portion being the same. Tube 
diameters from % to 1 in. can be 
furnished with wall thickness of 0.035 
in. and heavier. Bi-metal finned tub- 
ing using either carbon steel or alloy 
steel is available. 

For further information circle No. 759 
on literature request card, page 48-D. 


Microhardness Tester 

A Tukon tester designed for shal- 
low-indentation hardness testing of 
hot metals or metal components that 
have been exposed to radioactive or 
nuclear energy contamination has been 
announced by the Wilson Mechanical 
Instrument Div., American Chain & 
Cable Co. Because of the nature of 
the work being performed, all control 
functions are mechanically operated 
and are extended out through the wall 
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When Bell & Howell switched to Nialk Trichlorethylene with psp— 
permanent staying power, it extended clean-outs to a full three months. 


How Bell & Howell degreases 390,000 lbs. 


of metal parts between bath clean-outs 


When Bell & Howell switched to a Nialk® 
Trichlorethylene bath recently, it was 
found that bath clean-outs could be ex- 
tended to a full three months. 

Previously the bath had to be cleaned 
every ten days. 

With the new Nialk bath, Bell & 
Howell is degreasing 195 tons of small 
camera and projector parts between 
clean-outs. The parts are aluminum, 
brass, steel and zinc and can all be 
cleaned in the same bath. 


The secret is in the stabilizer 
The only thing different about the Bell 
& Howell bath is the Nialk stabilizer. 
Light, heat, air and acids have no effect 
on the bath. Even aluminum fines, which 
can sour trichlor fast, have no effect in 
the presence of the Nialk stabilizer. 
This stabilizer is not extracted by water 
either; hence all of it is reclaimed during 
distillation and steam injection. So per- 
manent is the stabilizer that the bath 
stays fresh and fully protected at all times. 


HOOKER CHEMICAL CORPORATION 
410 Union Street, Niagara Falls, N. Y. 


Bell & Howell simply adds more tri- 
chlor as drag-out losses lower the bath 
level; they never have to replenish the 
stabilizer itself. 


FREE BULLETIN © The whole 
question of stabilizers is so important to 
anyone concerned with vapor degreasing, 
we've written a bulletin specifically on 
the Nialk stabilizer and its advantages. 
Write for Bulletin 70 if you'd like a copy. 


NIALK® CHEMICALS 
OLDBURY® CHEMICALS 
DUREZ® PLasTiCcs 


Sales Offices: Chicago, I!!,; Detroit, Mich.; Los Angeles, Calif.; New York, N. Y.; Niagara Falls, N. Y.; Philade!phia, Pa.; 
Tacoma, Wash.; Worcester, Mass. Jn Canada: Hooker Chemicals Limited, North Vancouver, B. C. 
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of the test cell to a control panel, per- 
mitting remote operation. Controls are 
connected to the tester by mechanical 
linkage. The tester uses both the 
Knoop and 136° diamond pyramid in- 
denter. It employs a dual system of 
weights to enable the operator to 
select indenting loads in the range of 
1 to 3000 g. or 1 to 10,000 g. The tester 
uses a microscope equipped with three 
dry objectives of 10, 20, and 50 magni- 
fication. 

For further information circle No. 760 
on literature request card, page 48-D. 


Laboratory Oven 

Despatch Oven Co. has announced 
a new design for their laboratory oven. 
The oven is electric heated and can be 
adapted to use steam or hot water at 
available pressures. Two swinging 
doors provide an oven opening 37 by 
37 in. An observation window is in- 
serted in one door. Safety features in- 


clude: a special explosion relief panel 
in back, safety latches and safety 
chain on swinging doors; enclosure of 
motors and controls in explosion-proof 
housings, explosion-proof motors and 
strip heaters with welded connections 
to reduce spark hazards. 


For further information circle No. 761 
on literature request card, page 48-D. 


Finishing 

Hanson-Van Winkle-Munning Co. 
has announced three new chemical 
processes for cleaning and finishing. 
Aleond DX-100 is recommended for 
desmutting aluminum that has been 
etched in a caustic etchant and deoxi- 
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dizing to remove surface oxides. Oper- 
ations employing this product should 
be performed in tanks lined with poly- 
vinyl coatings or made of stainless 
steel. Chem-Rite A-22 is an aluminum 
conversion coating process. It is sup- 
plied as a liquid concentrate. Solution 
is made by adding 5 gal. of Chem-Rite 
A-22 to 95 gal. of water. A brush coat- 
ing is used for parts too large for 
dipping or too small to justify instal- 
lation of tanks. The Zincalume process 
produces bright deposits in both still 
and barrel equipment. These bright 
deposits are produced at either high 
or low current densities with slight 
changes in composition or operating 
conditions. 


For further information circle No. 762 
on literature request card, page 48-D. 


Combustion Control 

A new combustion control for con- 
tinuous supervision of gas-operated 
burners in ovens, furnaces, boilers 
and other heating equipment has been 
announced by Protection Controls, 
Inc. The control prevents fires or ex- 
plosions from build-up of combustible 
fuel mixtures in either single or multi- 
burner installations. One plug-in sub- 
assembly (Flame-Pak) for each burn- 
er contains the electronic circuit. If 
a flame failure or fault occurs at any 
burner, the signal from the flame 


electrode to its corresponding Flame- 
Pak unit is interrupted. This imme- 
diately breaks the circuit to the safety 
shut-off valve, and stops fuel flow to 
all burners in the system. 


For further information circle No. 763 
on literature request card, page 48-D. 


Ultrasonic Cleaner 


A cleaner that has several! simul- 
taneous ultrasonic frequencies has 
been announced by McKenna Labora- 
tories. The VT-700 operates at 400 
ke., with frequencies ranging down to 
20 ke. The higher frequencies remove 
dirt particles around 1 micron in size 
and penetrate into small crevices and 
recesses, The lower frequencies pro- 
vide cleaning action required for 
larger dirt particles and provide clean- 
ing on areas that are not accessible to 
high frequency because of shadowing. 
High-frequency cleaning is done 


C3) 


hardness tests increase plant capacity 


you can 


By knowing the hardness of incoming parts 
reduce number of processing steps 


Every production program has a bottleneck. Steel 
City Brinell testers can stop the broken-tool 
bottlenecks caused by too-hard parts. 

For example, a maker of transmission cases 
has solved two problems with one “Color-Glance” 
tester. All incoming cases are tested; only hard 
ones need be annealed. Tool breakage is mini- 
mized, and limited annealing capacity is not 
overloaded. 

Steel City “Color-Glance” Brinell hardness 
testers are high-production units. Relative hardness 
is shown by colored lights to reduce errors and 
fatigue. Optional equipment: workpiece locators, 
conveyor sections, counters, etc. 

Steel City has solved many 
problems—laboratory, low-volume, portable. A 
standard machine may meet your needs. 


Tell us your testing problem; ask for literature. 


8811 Lyndon Ave., Detroit 38, Mich. 
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establish Yoder equipment as the industry standard of excellence. Since 
1909 Yoder-built machinery, including Pipe and Tube Mills, Roll Forming 
Equipment and Rotary Slitters, have earned world-wide customer satisfaction and recognition. 


Profit from Yoder’s years of engineering and service experience. Send today for the illustrated 
Yoder Pipe and Tube Mills Book. 


Pipe and Tube Mills — Product dependability—integrity of manu- 
facture—engineering for specific production needs have all contributed to 


THE YODER COMPANY - 5595 Waliworth Avenue «+ Cleveland 2, Ohio 


ROLL FORMING MACHINES 
ROTARY SLITTING LINES 


MANUFACTURING 
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throughout the entire container, not 
in center area alone, allowing parts to 
be loosely stacked instead of being in 


a single layer. Ultrasonic wash, ultra- 
sonic rinse and drip dry complete the 
cleaning cycle. Cleaning containers, 12 
in. in diameter by 12 in. deep, have 
a 24-qt. capacity. 

For further information circle No. 764 
on literature request card, page 48-D. 


Metallizing Gun 

An automatic metallizing gun for 
production, maintenance and research 
has been announced by the SpraRod 
Corp. The principal feature is the 
new two-position air cap that adjusts 
itself automatically for lighting and 
spraying. The gun is designed to 
handle all wire sizes from 15 gage to 
3/16 in. and will handle all metals 
from molybdenum to lead. The wire 


feed range of 1.32 to 23.1 ft. per min. 
is accomplished by the dual-range air 
motor system. 


For further information circle No. 765 
on literature request card, page 48-D. 


Tensile Testers 

Portable tensile testers for bench 
or wall mounting have been announced 
by Steel City Testing Machines, Inc. 
These testers can perform standard 
tensile tests when mounted horizon- 
tally and tensile or compression tests 
when mounted vertically. A lower 
compression plate is available as an 
accessory when compression tests are 
anticipated. Tensile load is applied to 


the test specimen by manually oper- 
ating the hydraulic pump. The applied 
load is shown directly on the gage, 


You gain many extra benefits from PE aluminum extrusion 
service! Over 5,000 standard shapes without die charge meet 
most needs. For new applications PE “extrusioneering” analyzes 
your product for economies and improvements. Complete 
facilities and extensive mill experience assure prompt, 
efficient service. 


WRITE FOR FREE CASE STUDIES— New bulletin “PE Extrusioneering 
News” shows how PE service cuts costs, imp and b ;s 
Gives technical fabricating data, too. 


715 E. GREEN AVENUE * PHONE: POrter 6-0098 
BENSENVILLE, ILLINOIS (CHICAGO) TUxedo 9-1701 


19 PRECISION EXTRUSIONS, INC. 


Onecagolends Videst Most Experienced Aluminum Extruder 


A Cordial Invitation to Visit Our 
METAL SHOW EXHIBIT 


BOOTH No. 943 
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IT’S NOT 
“HOW THIN” 


BUT 
HOW EXACT! 


With the recent trend in strip metal 
towards thinner and thinner gauges, 
Somers, a pioneer in thin strip for 
nearly 50 years, is naturally among 
the leaders in rolling ultra-thin strip. 
But in addition to rolling production 
quantities of strip as thin as can be ob- 
tained anywhere in the world, Somers 
utilizes exclusive techniques and equip- 
ment to make sure that every foot 
of metal is up to the most exacting 
standards. 


1. Accu-Ray nuclear 
gauging to assure ab- 
solute uniformity of 
thickness throughout. 


2. Unique rolling mill 
for strip from .001” 
down, makes possible 
extremely close con- 
trol of the final pre- 
anneal temper, and 
uniform accuracy of 
the final temper. 


3. Experience exclu- 
sively with thin strip 
metals gives Somers 
on unmatched back- 
ground in engineering 
ultra-thin strip to meet 
all special require- 
ments. 


NEARLY 
FIFTY 
YEARS 


EXACTING STANDARDS 
r 


Somers Brass Company, Inc. 
106 BALOWIN AVE., WATERBURY, CONN. 
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EXPANSIVITY 


How Lukens Application Research can help you 
find the right steel plate for the job 


In solving problems of expansivity, the ex- 
perience of our Application Engineering 
staff is long and varied. And it’s yours for 
the asking. 

For example, a growing number of bridges 
expand and contract on bearing plates of 
Lukens stainless-clad steel. Extensive re- 
search led to the first such application. Tests 
run jointly with a consulting firm and a 
large university put Lukens clad steel plate 
through 2 million passes under a 100,000 
pound loading—without harm. There was 
actually evidence that the bond between the 
backing steel and its stainless cladding grows 
stronger. 

All the safety factors of corrosion-resist- 
ant stainless are present in stainless-clad—at 


significantly lower cost than 100% highalloy. 

Since this initial research, many such 
bearing plate applications have been made 
—and their performance compared with that 
of other materials. Today, The Walt Whit- 
man, Greater New Orleans, Rappahannock 
River, Throggs Neck, and a number of 
smaller highway bridges, are cradled on 
these safe, money-saving plates. The knowl- 
edge accumulated by Lukens’ Application 
Engineers in this area and others is available 
to help guide you in your design problems. 

That’s why we say, if your assignment is 
expansivity, let it be our assignment too. 
Contact Manager, Application Engineering, 
F109 Services Building. Lukens Steel Com- 
pany, Coatesville, Pa. 


ASK FOR THE BULLETIN ON BRIDGE BEARING PLATES 


Helping Industry 
Choose Steels 
That Fit The Job 
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FURNACES 


TO HEAT TREAT 
OR SHAPE 
METALS MORE 
EFFICIENTLY 


ROTARY HEARTH 
FURNACES 


 PIT-TYPE| q 
FURNACES 3 


CHAIN CONVEYOR 
FURNACES 
for technical date and cato- 


legs.on the above and many 
other R-S Furnaces to... 


R-S FURNACE COMPANY, INC. 


FURNACES 
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which includes a maximum-indicating 
hand. Connection between the pump 
and the tester is through a flexible 
rubber hose so the maximum reading 
will not be affected by fracture reac- 
tion. Since the pump and gage unit 
must be bench mounted, the length of 
the hose can be specified longer than 
the standard 18 in. when the tester is 
to be mounted on the wall. Testers are 
available in two general sizes with 
capacities from 5000 to 20,000 lb. or 
20,000 to 40,000 Ib. 

For further information circle No. 766 
on literature request card, page 48-D. 


Testing Furnace 

Marshall Products Co. has an- 
nounced a high-vacuum furnace de- 
signed for tensile and creep testing 
of metals and alloys at temperatures 
up to 4000° F. The unit measures 
about 44 in. in over-all height, 11 in. 
in O.D. and consists of a tantalum 
heating element surrounded by tanta- 
lum and molybdenum radiation shields, 
water-cooled tank and bellows assem- 
blies, tantalum plate and rod elec- 
trode assembly, vacuum pumping and 


gaging ports. The furnace operates on 
approximately 14 v., 1600 amp. in con- 
junction with special transforming 
equipment, and maximum input to 
the heating element is 25 kw. Speci- 
men is assembled with tension rods, 
then lowered into the vacuum cham- 
ber from the top. The furnace can 
be evacuated at room temperature to 
a pressure of 1x10° mm. Hg with 
standard pumping equipment; normal 
pressure at 4000° F. is in the range of 
2x10* mm. Hg. 


For further information circle No. 767 
on literature request card, page 48-D. 


Plating Anodes 

Allied Research Products, Inc., has 
announced a new anode for zinc plat- 
ing. Called the “roll-top” anode, it is 
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Why put up with general 
purpose abrasives 


manufacture of metal abrasive is 
custom-made — 
job-lot-made to meet individual 

cleaning conditions. 


By means of new, highly specialized 
processing techniques and equip- 
ment used only by us, we con make 
the type of ‘‘Malleabrasive’’ shot 
or grit that will do your particular job 
best, at lowest cost to you. 


when you can have 
tailor- 
made for you? We'll 
welcome the chance to tell 
you how you can benefit. 
Write us. 


THE GLOBE STEEL ABRASIVE CO. 


Maastici¢d, Ohie 


 $eld by many leading distributors of 
foundry supplies from coast to coast. 


‘METAL ABRASIVE § 
a 
7 
WAL 
The newest development in 


at the 


send in the coupon 


Dilatometers 


ZEISS-SIEMENS Television 


polarographic Analyzer 


you are cordially invited to visit the 


BRINKMAN 


if you can’t make the trip and wish to be informed about latest developments 


a) Automatic —b) Manual 


RESEARCH 
EQUIPMENT 
EXHIBIT 


1959 METAL SHOW 
in CHICAGO 


at the bottom of this ad to receive descriptive literature on 


any of the items which may be of interest to you. 
BRINKMANN Sales Offices are now located in Houston, Cleveland, Philadelphia, Miami, San Francisco 


9 ZEISS Automatic Photo Microscopes 
a) 35mm Film b) 4x5 Film or plates 


Differential Thermo Analyzers 10 Ultrasonic Micro Jackhammer 


Microscope 11 Micro Manipulators 


1500°C Molybdenum Furnaces 12 Vickers Metallograph 

1800°C Rhodium Furnaces 13 Vacuum Micro Balance, recording 
Large Vacuum Drying Ovens 14 Thermo Balance, recording 
Polarecord, Automatic recording 15 Potentiograph, Automatic recording 


universal titrator 


SEDIBAL, Automatic particle size Analyzer 6 Hi-femperature thermometers 


= | Please send me free and without obligation the Bulletins | have circled below. 
J 123456789 10 11 12 13 14 15 16 
| ab ab 
Cc. A. BRINKMANN & CO., INC.! 
115 CUTTER MILL ROAD ADDRESS 
GREAT NECK, L. | 
CITY ___ZONE STATE 
PLEASE PLACE ME ON YOUR MAILING LIST () 
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cast in a modified oval form. This 
shape provides approximately 20% 
more surface area than ball anodes, 
yet allows the anode to roll easily 
into a curved hanger basket or back- 
feed chute. 


For further information circle No. 768 
on literature request card, page 48-D. 


Time-Cycle Controller 


The Bristol Co. has announced a 
new time-cycle controller that can 
time control ten different variables. 
Ten pneumatic or electric pilots oper- 
ate simultaneously or in any sequence, 
each pilot performing up to 24 opera- 
tions. Pilots can be changed or added. 
Dogs set on the periphery of the tim- 
ing disk determine the timing of pilot 
operations. Intervals between opera- 
tions can be as brief as 4 sec., and 
timing disks range from 0 to 15 min. 
to 0 to 360 min. 

For further information circle No. 769 
on literature request card, page 48-D. 


Tube Furnaces 
High-temperature tube furnaces 
have been announced by the Sentry 
Co. They come in three sizes with 
standard tube bores up to 3% in. and 
18-in. long heating chambers. Maxi- 
mum temperature is 2750° F. Furnace 


heating time from cold to 1825° F. 
is about 25 min.; 2375° F. is normally 
reached in 45 min. and maximum oper- 
ating temperature in about 90 min. 
Automatic temperature and current 
regulating controls are available. 


For further information circle No. 770 
on literature request card, page 48-D. 


Indicator 


A new instrument for use in meas- 
uring and control systems which em- 
ploy resistance strain gage trans- 
ducers has been announced by the 
Electronics & Instrumentation Div., 
Baldwin-Lima-Hamilton Corp. The 
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disk indicator may be used for weight 
and load measuring systems, pres- 
sure systems, torque and horsepower 
measuring systems. It requires less 
than 1 sq. ft. of panel area for mount- 
ing and features a horizontal read-out 
window, and up to 500 dial graduations 
for fast, accurate reading. 


For further information circle No. 771 
on literature request card, page 48-D. 


Ultrasonic Cleaner 


An ultrasonic cleaner for applica- 
tions in which high energy density 
is required has been announced by 
National Ultrasonic Corp. The unit 
has a 2-gal. tank of stainless steel; 
the tank is 9 by 6 by 10 in. The gener- 


ator, 115 v., single-phase, 60-cycle, is 
designed for continuous operation. It 
delivers an average power output of 
125 w. and produces peaks of 500 w. 
Features include a 0 to 60-min. timer, 
one-tube oscillator, provision for re- 
mote control of equipment, front 
panel switching which permits a choice 
of either of two transducers, and 
circuit-breaker and three-wire ground 
protection. 


For further information circle No. 772 
on literature request card, page 48-D. 


Refractory 

A new magnesium oxide ceramic has 
been announced by the Refractories 
Div., Carborundum Co. When used 
for crucibles, this new product com- 
bines high purity with strength and 
resistance to molten-metal attack. 
The composition is formed into such 
shapes as tubes, crucibles, plates, 
disks, bars and rods. Density of the 
refractory is 3.3 to 3.4 g. per cu.cm., 


modulus of rupture, 20,000 psi. and 
compressive strength, 90,000 psi. 

For further information circle No. 773 
on literature request card, page 48-D. 


NEW 


Small, Lightweight 


MERCOID 
CONTROL 


WEIGHT: 1% Ibs. 


FOR MEDIUMS NOT INJURIOUS 
TO STEEL OR SILVER SOLDER 


{ circurr 


SP-DT HERMETICALLY SEALED MER- 
CURY SWITCH (4A. 115V., 2A. 230V.) 


ON 
Low 


Provides any of following operations: 


1. Single Pole—Cut-in high (close on 
rise) 

2. Single Pole—Cut-in low (open on 
rise) 

3. Single Pole—Double Throw 


| OPERATING RANGE | 


Adjustable 
Operating Fixed 
Range _ |(Factory Set) 


1 to 20 psig! 0.5 psig. 


Maximum 
Surge 
Limits 


Differential 


30 psig. 


| CONSTRUCTION | 


ADJUSTMENT: External 

PRESSURE ELEMENT: Fairprene diaphragm 
PRESSURE CONNECTION: %” LP.S. 
MOUNTING: Has two mounting ears (one on each 
side of control) or control may be pipe mounted 
by means of the %” 1.P.S. bottom connection. 
INTERNAL WIRING CONNECTIONS: 3 post ter- 
minal block. 

CASE: NEMA 1—Heovy gauge steel, cadmium 
plated. Stee! cover (with glass front) finished in 
charcoal-gray. 


WRITE FOR BULLETIN O02 


THE MERCOID CORPORATION 
4201 Belmont Ave., Chicago 41, 


— 4 
4 
| 
COMMON 
J 
; 
31 


The Ultimate Test 


The ultimate test of quality in stainless steel bars 
takes place in screw machine production, 
where every bar is literally cut to pieces. 


The Perry-Fay Company, Elyria, Ohio, a leader in 

screw machine production, has been subjecting 

J&L bars to this demanding production-line test for 
more than a year, without a single failure, without 

a single reject. Perry-Fay reports: “We consistently get 
superior surface finish, closer tolerances, fully formed 
rolled threads with J&L stainless bars.” 


Careful attention to every production detail is the key to J&L quality. 


Whether you need stainless steel bar stock for 
high-speed, high-production operations, or a 
7 single bar for extraordinary requirements, turn to J&L. 
J&L leads the industry in melt shop standards for 
stainless steel, the point where quality starts—and 
new production profits begin. 


STAINLESS 


Los Angeles Kenilworth (N. J.) « Youngstown «+ Louisville (Ohio) Indianapolis + Detroit SHEET STRIP BAR > WIRE 


z Jones & Laughlin Steel Corporation + STAINLESS and STRIP DIVISION 


e Box 4606, Detroit 34 
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See thise 
TOTALLY NEW CONCEPTS 


ULTRASONIC 
TESTING 


INSTRUMENTS 


At the metal chow: 


No Postage Stamp 


VIA AIRMAIL Necessary If Mailed 


in the United States 


BUSINESS REPLY CARD 


First Class Permit No. 56, Danbury, Conn. 


POSTAGE WILL BE PAID BY ADDRESSEE 


© Sperry Products, Inc. 


Connecticut 


« 


Engineered by the most outstanding | 


ULTRAS 


Mail this handy reply card today for 
. complete product bulletins and your 
" ie ticket to see the FIRST DEMONSTRATION 
of these NEW INSTRUMENTS at BOOTH 212 
METAL SHOW * NOV. 2-6 ° CHICAGO, ILL. 


SO 
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y instrument designers in the Ultrasonic Industry 


ISONIC THICKNESS GAGE 


New, battery operated, completely transistorized, thickness gage. 


Using pulse echo method, detects changes in metal thickness even in 
corroded or rough surfaces. 


Small (7” x 7” x 10”), lightweight (10 Ibs. ). 
Easy to read meter, directly calibrated in inches. 


Particularly useful in inspection of high pressure pipe, storage vessels 
and ship hulls for thinning and corrosion. 


REFLECTOSCOPE 


New Unitized Ultrasonic Reflectoscope provides maximum flexibility 
through low cost interchangeable plug-in units. 

Designed to accommodate various components, choice of frequency 
ranges, alarm and recording channels, attenuation correction, counting 
and totalizing channels, etc. 

Economical building block method permits adding to instrumentation 
to meet increasing or changing testing requirements. 


TRASONIC REFLECTOSCOPE 


Latest concept in ultrasonic testing equipment. 

The most advanced instrument for lab and production line testing, com- 
pact for use on bridge or bench. 

Exclusive features: Four instantaneous or continuous alarm channels 
with separate channel indication. 

Plug-in receivers with frequency ranges from | to 25 mcs. 

Large 12” CRT with dual trace 2-color display. 

Double slope curves for distance amplitude correction—both near-zone 
and attenuation. 


Sperry Products, Inc. 


Danbury, 


PLEASE SEND THE FOLLOWING: 


RUSH METAL SHOW TICKET (save $1) NAME SS 
THICKNESS GAGE BULLETIN TITLE _ 

UM REFLECTOSCOPE BULLETIN COMPANY 

HAVE REPRESENTATIVE CALL CITY an 


AUTOMATIC ULTRASONIC TESTING SYSTEMS 


FOR PRODUCTION QUALITY CONTROL 


Sperry now makes available auto- 
matic production testing on an 
economical packaged basis. 

These systems are designed to test 
billets, bar stock, sheet, plate, 
tubing, etc. at production speeds. 
Consisting of the necessary instru- 
mentation, scanning equipment, rec- 


order, alarms, and defect markers, 
as well as material handling equip- 
ment, the packages are truly com- 
plete testing systems. 

For the complete story, check off 
and mail attached reply card to 
arrange a visit by a Sperry sales 
engineer. 


Sperry Products, Ine. 


Danbury, Conmmeettievw t 


if = = 
| 
a ‘ ) = = 
et 4 | Aas 
| 


This nut saved money 
because we made the hole 


You’ re looking at one of the nuts that 
fits a casing bolt on a General Electric 
steam turbine. These nuts have to be 
of a special alloy steel because they 
are highly stressed at operating tem- 
peratures. The steel must have very high 
“creep strength”’—keep its strength 
and dimensions at high temperature. 

The General Electric Company was 
making these nuts from alloy steel 
bars. That was expensive because it 
meant drilling a large hole as the 
first operation. 

Timken Company metallurgists said 
they could make seamless steel tubing 


of the same analysis and properties. 
And with the hole already there, this 
would eliminate the rough drilling op- 
eration—save a major machining cost. 

We furnished Timken seamless 
steel tubing of the proper size so that 
after threads were cut, and the castel- 
lated heads machined, the nuts were 
finished up to the specified dimen- 
sions. And because Timken steel 
tubing is rotary pierced, it has the 
forged quality to give these nuts the 
strength they need. 

This is another of the hundreds of 
tough steel problems that Timken 


Company metallurgists solve in every 
corner of industry. Many of these 
problems are apt to be much like 
yours. Why not let our 40 years of 
steelmaking experience work for you? 
Have your next steel problem stamped 
“Solved” in jig time. Call in Timken 
Company metallurgists. The Timken 
Roller Bearing Company, Steel and 
Tube Division, Canton 6, Ohio. Cable: 
“TIMROSCO”’. Makers of Tapered 
Roller Bearings, Fine Alloy Steels and 
Removable Rock Bits. 


WHEN YOU BUY TIMKEN STEEL YOU GET: 


1. Quality that’s uniform from heat to 
heat, bar to bar, order to order 


2. Service from the experts in spe- 
cialty steels 


3. Over 40 years experience in solv- 
ing tough steel problems 


TIMKEN ALLOY STEEL AND SEAMLESS STEEL TUBING ARE AVAILABLE FROM WAREHOUSE STOCKS IN 44 CITIES IN THE UNITED STATES 
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_ COMBINES SUPERB WELDABILITY 
WITH EXTRA STRENGTH 


BEST LOW-ALLOY EXTRA-STRENGTH STEEL YOU CAN BUY 


When only the strongest steels will do, specify 
N-A-XTRA HIGH-STRENGTH. This low-alloy heat- 
treated steel is now available in minimum yield 
strengths ranging from 80,000-110,000 psi. 


Along with this great strength, N-A-XTRA is readily 
formed and fabricated. It can be welded by any 
process. The most drastic welding tests on N-A-XTRA 
have shown no underbead cracking, even when 
plate temperatures are as low as —60°F. 


Because N-A-XTRA is nearly three times stronger 
than mild carbon steels, it gives designers an 
opportunity to eliminate useless dead weight from 
finished products and realize substantial savings. 
Let us show you how N-A-XTRA HIGH-STRENGTH 
steel can do a job for you. Write Great Lakes Steel 
Corporation, Detroit 29, Michigan, Dept. E-7 


GREAT LAKES STEEL 


A DIVISION OF NATIONAL STEEL CORPORATION le 
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Meet your Profit Challenge 


with (LEwis} VVire Straightening 
and Cutting Machines 


There is a Lewis machine for every possible 
purpose in the wire straightening and cutting 
field. And Lewis engineers are constantly 
working on new designs and developments to 
further improve performance. There are 

46 models in the Lewis line. 


Lewis machines are designed to do the 
highest quality job of wire straightening and 
cutting in rounds as well as shapes. 

For speed, accuracy and clean cutting, they 
have no equal anywhere. 


In every possible way, Lewis Machines meet the 
challenge of today’s production requirements. 


5 


‘ PPM. Re wit 
The combination of Air Brake, Air Clutch and ; Lewis No. 20-F Travel-Cut SHAPE 

Variable Speed Drive permits higher cut-off Sa 1 

speeds... and allows infinite adjustment of the Straightening and Cutting machine. 
flywheel for perfect synchronization of cut-off 4 Capacity Yo” to Ye” square, hex or 

and wire feed speeds... rod can be cut equivalent area in flat stock. 

WHHOUT SPOT SWELL. Z The Travel-Cut Flying-Shear Cut-Off is particu- 
; 4 larly advantageous on shape machines to better 


synchronize the cut-off with the through speed 
of the wire. This is necessary to eliminate rol! 
rub marks and reduce roll wear to a minimum. 


1” Machine. 
developed to meter | 
t from coils at output spe greater 


any existing equipment. 


q 

a 


Lewis No. 2CV4 Automatic Wire Straight- 
ening and Cutting Machine with variable 
speed drive and Dual-Center Straighten- 
ing Arbor. Capacity Ye” to 44” diameter. 
No. 2CV5 Capacity Yes” to He” diameter. 
Feed speeds up to 200 FPM. 

The Lewis 2CV Series can be quickly converted 
to handle shapes by installing our interchange- 


able Roll Straightener in place of the Dual- 
Center Rotary Straightener Arbor. 


Lewis No. 4-FHA Travei-Cut Automatic 
High-Speed Flying-Shear Wire Straight- 
ening and Cutting Machine with Wichita 
Air Clutch and Air Brake. Capacity Mild 
Steel, ¥s2" to V4” diameter. High Carbon, 
Alloy and Stainiess, We” diameter, 
Speeds up to 500 FPM. 

The Dual-Center Straightener Arbor (Pat. Pend.) 
permits use of close centers for smal! diameters 
and long centers for the larger diameters for preci- 
sion straightening over entire range of machine. 


Especially 
designed for straightening and cutting 

wire sizes. Capacity .012”° minimum 
to .0625° music wire, .0/2° spring wire, 


080" basic wire 


Extremely fast air-operated cut-off eliminates 
Flywheel and Clutch...Variable Speed Drive pro- 

vides wire feed range of 15-90 FPM... precision 
length gauging, plus or minus .0025 in 6” length 
.. highest quality finish. 


Greater flexibility with Multiple Speed Drive 
in a low cost machine. High-speed Five-Die 
Rotary Straightener Arbor, mounted on ball 
bearings. Available with super-sensitive electric 
trip mechanism. 


. 
~ 
‘ 
q 
4 
- 
Lev N 1-C Automat Wire Straight- 
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flame head spins within 
the area of the part to be 


heated 


simplifies spin hardening 
of parts difficult to rotate— 
eliminates expensive fixtures 


+4 cuts hardening costs all around 


This newest development of the Meta- 

Dynamics Division Heat Treating 

Laboratories brings lower costs to pre- 

cision selective flame heating of a wide 

range of parts, because the flame head 
rotates—not the work. The gas-tight 
rotating joint of the burner has under- 
gone more than 1000 hours of test, 
with no sign of leakage. 


The rotating burner and workholding 
fixture mount on the flat bed of the 
basic machine, which contains a quench 
tank and part removal conveyor. 
Automatic timing, temperature and 
quenching control are provided. A 
separate control cabinet provides ac- 
curate control of gas, oxygen, air and 
water. Other “‘building blocks” (flame 
heads and fixtures) are available for 
such work as brazing and spot, spin, 
progressive and combination spin- 
progressive hardening. 


For your heat processing work, look 
to the Cincinnati Flamatic for lowest 
cost flame heating . . . and the Cincin- 
nati Inductron (built in 15, 30, 50 KW 
capacities) for lowest cost induction 
; heating. Call in a Meta-Dynamics 
Division field engineer for full details. 


TYPICAL PARTS SUCCESSFULLY 
HARDENED BY THE 
FLAMATIC ROTATING BURNER 


eo 


ae INTERNAL THREAD of steering knuckle 
control arm, a pearlitic malleable casting, 
hardened to Rc 58-60. I.D. is 1'%«"; thread 
length, 1%"; overall part length, 222”. 


INTERNAL TEETH of SAE 
1052 Ring Gear, hardened to 
Re 58-60. Gear 1.D. is 5%’; 
tooth face, %". 


inductron 
flamatic 
META-DYNAMICS DIVISION 


Machines for Metal Forming and Heat Treating 


THE CINCINNATI MILLING MACHINE CO. 


Xx 
Flame Heating Machines! 
a ) 
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ow oy | 57-WX on brush types, sizes, 
speeds, filaments. Aids to power brush se- 
lection. Pittsburgh Plate Glass 


776. Alloy Steel 
12-page data sheet on Hy-Tuf alloy 
steel. Composition, jon, annealing. 
curves, bend 
. Crucible Steet Co. 


777. Alloy Steel 

14-page bulletin on two chromium- 
nickel alloy steels. Properties, working 
instructions, heat treatment, recom- 
mended uses. Carpenter Steel 


778. Alloy Steel 
32-page book on abrasion resisting steel. 


Properties, fabricating characteristics, 
uses. U. S. Steel 


779. Alloy Steels 

46-page Bocklet 415-C on alloy steels. 
9 pages of tables giving ceuted compo- 
sition ranges, . Grain size, heat 
treatment, ¥ . mediums. Bethle- 
hem Steel 


780. Alloys 

Pamphlet on a. foundry alloys details 
composition, uses and advanta of 31 
ferroalloys for both cupola and electric 
furnace irons. Vanadium Corp. 


781. Aluminum 

8-page bulletin on aluminum casting 
alloys. Properties; selection of casting 
method; pig, ingot and billet com - 
a Metals Div., Olin Mathieson Chem- 
ica 
782. Aluminum Bronze 

8-page booklet on aluminum bronze 
bearing material which is forgeable, cor- 
rosion resistant. Mueller Brass 


783. Aluminum Die Castings 


Bulletin on design and manufacture of 
aluminum die castings. Hoover Co. 


784. Aluminum Extrusions 
Folder lists alloys used, finishes, trade 
phraseology. General Extrusions 


785. Aluminum Strip 

20-page booklet on how it is made, sizes 
and weights of coils. Technical data on 
aluminum alloys used. Scovill 


786. Are Welders 


Folder on Idealare machine for all man- 
ual are welding applications, for a.c. and 
a.c.-d.c. use shows basic and optional 
equipment. Lincoln Electric Co. 


787. Atmosphere Equigment 

4-page bulletin on new line of inert 
atmosphere generators showing new fea- 
tures, flow chart, utilities required. Gas 
Atmospheres 


788. Atmosphere Furnace 
T-1 1091 on 

tube units give application, specifications, 

operation Tindberg Engineering 


789. Atmosphere Furnace 
Bulletin HD-1 on a -ty ype controlled 
ca 


atmosphere furnace. Specifications, at- 
mosphere circulation. Dow Furnace Co. 
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790. Atmosphere Generators 
22-page bulletin describes 7 uipment 


that produces four basic types atmos- 
heres for heat-treating applications. 
unbeam Equipment Corp. 


791. Atmospheres 
8-page Bulletin SC-155 discusses fol- 
lowing controlled atmospheres: RX, DX, 
AX, HX. Compositions, appli- 
cations, effects on steel, drawings of gen- 
erators. Surface Combustion 


792. Belt Surfacing 
equipment or ro - 


No. 5. Buehler, 


798. Cop pper 
4-page article on hot-hardness 

ties four beryllium copper 

alloys. Brush Beryllium Co. 


794. Bimetal Applications 
44-page booklet, uccessful Applica- 

tions of Thermostatic Bimetal,” contains 

uses, formulas, calculations. W. M. Chace 


795. Blast Cleaning 

16-page Bulletin 226 on blast cleaning 
equipment. Describes automatic continu- 
ous operation. Pangborn 


796. Blast Cleaning 

Complete information on Malleabrasive 
for cleaning and finishing. Globe Steel 
Abrasive 


797. Blowers 

Bulletin 300 on series of blowers to fit 
individual requirements. Drives 
Performance curves. North American 
Mfg. Co. 


798. Box Furnaces 

Bulletin 315 on box and muffle furnaces. 
Five different models for analysis, con- 
trol and production in chemis m 
lurgy and manufacturing. Burre 


799. Brazing 


24-page Bulletin 20 on low-temperature 
silver alloy brazing. Handy & Harman 


800. Brazing 

assemblies. Design 
used, maintenance, ution. y 


801. Brazing Alloys 

Standard compositions, specifications 
for high-purity brazing alloys for copper, 
bronze, brass. Alloy Specialties 


802. Brazing Alloys 
Data on brazing stainless alloys. Wall 
Colmonoy 


803. Carbides 

22-page catalog on tungsten, titanium, 
columbium and tantalum carbides. Phys- 
ical and mechanical properties. Applica- 
tions. Kennametal 


804. Carbon Control 

Bulletin SC-168 on system for auto- 
matically controlling carbon potential in 
continuous and batch furnaces. Surface 
Combustion 


805. Carbon Control 


page bulletin on equipment for car- 
sulphur determination, including 
combustion furnaces and other accesso- 
ries. Harry W. Dietert 


806. Carbon Potential 
Controller 
Information sheet on instrument for use 
with endothermic gas generators and con- 
trolled atmosphere furnaces. 


807. Carbonitriding 

28-page booklet on nature of process, 
furnaces, atmospheres, parts carbon- 
itrided and properties. Armour Am 


808. Carburizing 

Bulletin B-1 on process for pack car- 
burizing steel in solid compounds. Char- 
coal- and nonburning carburizers. 
Park Chemical 


809. Carburizing 

Data folder on Aerocarb E and W 
water-soluble compounds for liquid car- 
burizing. Case depth vs. time curves. 
Per cent carbon and a penetration 
curves. American Cyanam 


810. Castings 

Data on castin of aluminum, mag- 
nesium and ductile iron for shock resist- 
ance. Morris Bean & Co. 


811. Castings 
Bulletin 3150-G on castings for heat, 
corrosion, abrasion resistance. Duraloy 


812. Centrifugal Castings 
8-page brochure gives properties of 
common grades of thermalloy cen- 
cast tube. Weight tables. Elec- 
tro-Alloys Div. 


Sis. Centrifugal Castings 

e brochure on use and specifica- 
and at centrifugally cast cylind other 
products. Sandusky Foundry & Machine 


814. Chill Treatment 

Case rience in chilling 
metals at - F. for stabiliza- 
tion and Sy Fuctility. Harris Re- 
frigeration Co. 


815. Chromate Finishing 

File on chromate conversion 
for prevention of corrosion and int- 
base treatment of nonferrous . Al- 
lied Research Products 


816. Cleaning 

48-page pocketbook on how to clean 
aluminum and magnesium. S in- 
volved, methods, equipment. Oakite 


817. Coating Thickness Tester 


Data sheets give ranges, principle of 
operation of nondestructive thickness 
tester. Unit Process Assemblies 


818. Coatings 
4-page catalog on bent-qroet protective 
coati Basic types, a cations, meth- 


ods o of applying and temperatuse ranges. 
Markal Co. 


819. Cold Header 

Bulletin on solid-die double — 
cold header. Design features of togg 
type construction for actuating hea 

te. Waterbury Farrel ung 

achine 


820. Combustion Saf 
we on Protectofier for protection 
inst fires or explosions in furnaces. 
Components, advantages. Pro- 
tection Controls, Inc 


821. Compressors 

12-page data book 107-D gives engi- 
turbo-compressors. 18 types of application 
described. Spencer Turbine 


822. Controllers 


Bulletin on electronic self-balancing in- 
dicators and indicating controllers 


APPLICATION | 
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a proprietary refining treatment that makes 
alloys easier to melt, improves quality, 
properties and cost control 


T'CP IS AVAILABLE ONLY IN 


MASTER ALLOYS! 


| STAINLESS STEELS—Series 300 & 400. 
CHECK THIS LIST FOR TOOL & DIE STEELS— 


Air-, Oil-, & Water-Hardening. 
Mer’ ALLOYS TO SUIT YOUR Tungsten & Moly High-Speed. 
UPERALLOYS and SPECIA 
CASTING REQUIREMENTS— STAINLESS STEELS. 
WRITE FOR INFORMATION! PLAIN CARBON & LOW-ALLOY STEELS. 
VACUUM-MELTED ALLOYS. 


PROPERTIES OF ACTUAL 17-4PH PRODUCTION HEATS 
ULTIMATE 0.2% 


TENSILE YIELD PER CENT _—~PER CENT © The outstanding 
HEAT STRENGTH STRENGTH ELONGATION REDUCTION 
i psi 


NUMBER pai in 1” of AREA Se) properties of our 
& 36-57 194,400 168,000 13.5 40.8 
& 36-58 202,400 170,400 12.5 28.0 
& 36-59 192,800 160,400 12.0 39.0 ae ampte of the superi- 


36-60 198,000 162,400 13.5 40.0 ority of alloys 
All test bar investment cast and heat treated as follows: 
Solution Annealed: 1900°F 30 min.--oil quench (Re 33-34) made with T'CP. 
Aged: 900°F.-2 hours—air cooled (Rc 45-46) 


17-4PH are an ex- 


For your casting alloy requirements, 
tons or pounds, standard or special, 
call on the leader in master alloy 
oduction. 
ALLOYS co. 
T’°CP—a symbol for our own alloy 1999 GUOIN STREET 


refining developments. Itmeans: [ae DETROIT 7, MICHIGAN 


The TOOL STEELS STAINLESS STEELS 
SUPERALLOYS VACUUM-MELTED ALLOYS 
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construction, installation, use. Thermo 
Electric Co. 


823. Copper Allo 
New folder sizes, pounds 
ag foot, alloy specifications for - 
r and square bars. Titan Metal Mfg. Co. 


824. Copper Allo 

16-page publication E-5 on sical 
Properties and applications - 
strength, corrosion-resistant copper al- 
loys. American Brass Co. 


825. Copper-Base Alloys 

New folder gives properties, specifica- 
tions, oplent uses of copper, brass, bronze 
alloys. Bridgeport Brass Co. 


826. Cop r Wire 

{page booklet on aluminum clad, high- 
conductivity wire for aircraft, missile and 
industrial uses. Sylvania Electric 
827. Creep Testers 

Pocket-size creep load calculator that 
determines the ae of weight needed 
on weight pan when testin imens 
in creep testers. Arcweld Mio. Co. 
828. Creep Testing 

Bulletin RR 13-56 on testing machines 
for creep and stress-rupture tests. Tables. 
Riehle 
829. Creep T 

Bulletin 4420 describes long-time creep 
test machines, creep-rupture machines 
and relaxation machines. Baldwin-Lima- 
Hamilton 


830. Crucible Melting 
Nontechnical bulletin on crucible melt- 
ing gives standard nomenclature, chap- 
ters on furnace maintenance, burner de- 
sign, charging and melting, and other 
factors. Crucible Manufacturers’ Assoc. 


831. Cutting Oil 

Folder describing nine types of cut 
one for varied applications. Gulf Oi 
Corp. 


$32. Deburring 

2-page data sheet on chemical solution 
for removing burrs raised by drilling or 
other diecasting operations. MacDermid 


833. Decimal Chart 

844-by-ll-in. decimal equivalent chart 
with fractional units from 1/64 to 1 in. 
Ohio Seamless Tube 


$34. Degreaser 

Folder on automatic degreaser. Clean- 
ing and solvent cycles described. Features 
of equipment. Detrexr 


835. Degreasers 

Folder on vapor and solvent degreasers 
describes equipment and advantages. 
Randall Mfg. 


836. Degreasing 

40-page book on trichlorethylene gives 
specifications, properties, uses, handling 
and storage, toxicity and safety measures. 
Hooker Chemical Corp. 


837. Drawing Dies 

12-page bulletin on turks head, adjust- 
able draw die. Basic types, development 
of turks head. Fenn Mfg. 


838. Ductile Iron Plate 
Data on ductile iron plate and proper- 
ties. Lindgren Foundry Co. 


839. Ductility Testing 

Bulletin on simple method of determin- 
ing ductility of materials before draw- 
ing. Steel City Testing Machines 


840. Electric Furnaces 

Data sheet describes and gives specifi- 
cations of standard nonmetallic resistor 
furnaces. Harrop Electric Furnace Div. 


841. Electric Furnaces 
8-page Bulletin 570 on heat treating, 
melting, metallurgical tube, research and 
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REJECTS 


VIRTUALLY 
ELIMINATED 


... With Miller Phosphor Bronze 


A manufacturer of electrical controls was plagued 
by two problems in the production of this refrig- 
eration control bellows component: Rejects of the 
part were excessively high—as much as 45%—and 
chemical action of the refrigerant created a cor- 
rosive film which impaired accuracy of operation. 
The company’s own metallurgists specified a phos- 
phor bronze alloy to meet these problems. But 
only Miller had the special skills necessary to 
actually produce this tailor-made metal. Now, 
phosphor bronze by Miller has reduced rejects to 
the absolute manufacturing minimum—and effec- 
tively resists chemical action. Miller specializes in 
tailor-made phosphor bronze alloys... to solve 
your toughest production problems. At Miller, 
Phosphor Bronze is the main line not a side line. 


ROLLING MILL 
DIVISION 


THE MILLER COMPANY 
MERIDEN, CONN. 


-. WHERE PHOSPHOR BRONZE IS THE MAIN LINE-NOT A SIDELINE 


4l 
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absolutely straight 
and burr-free rods 


125 


for example, 8 s.w.g. wire can be cut into 18” lengths at 
725 cuts/min. with the M 700. 


Visit us at the Metal Show P.O. Box 850 
in Chicago, Nov. 2-6, and Gothenburg 
see the M 700 in action. Sweden 
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| 
Descaler it ra 
un uifing Machine M 700 
Wire swifts 


sintering furnaces. Custom designs for 
special requirements. Pereny 


842. Electric Furnaces 

12-page bulletin on furnaces for hard- 
ening high-speed steel. Diamond block 
method of atmospheric control. Sentry 


843. Electric Heaters 

New 64-page catalog on complete line 
of electric process heaters and ir uses. 
E. L. Wiegand 


844. Electromanganese 

9-page article gives manufacturing pro- 
cedures, product characteristics, uses. 
Foote Prints, v. 28, No. 2. Foote Mineral 


Chart gives reference data for d, 
ver, 


846. Electroplatin, 

4-page brochure descri process for 
plating selected areas without imm 
tanks. Sifeco Metachemical 


847. Extruded Parts 

4-page bulletin on cold extruded metal 
parts. Properties, advantages, specifica- 
tions. Burgess-Norton Mfg. Co. 


848. Extrusions 
Bulletin on extruded seamless alloy and 


stainless steel tubing. Properties, sha’ 
Metals Processing Div., Curtiss-Wright 


849. Extrusions 

New bulletin “PE Extrusioneering 
News,” shows how to cut cost, improve 
and beautify. Fabricating data. Precision 
Extrusions, Inc. 


850. Fabrication 

Booklet on welded steel heavy fabrica- 
tion pictures and describes how various 
products are made. R. C. Mahon 


851. Ferrochromium 

6-page folder on fast-dissolving low- 
carbon ferrochromium for stainless steel. 
Analysis, grades, forms. Union Carbide 
Metals Co. 


852. Finishing 

Guide for determining cost of finishing 
compares finishing in the production 
shop, finishing at a job shop and use of 
prefinished metals. Apollo Metal Works 


853. Flame Hardening 

New 4-page catalog on flame hardening 
steels, cast iron, nodular iron. Parts flame 
hardened. Hardnesses produced. Chicago 
Flame Hardening Co. 


854. Flow Measurement 

8-page Bulletin SC-1022 on instrument 
for measurement of flow rate of air and 
gases. Selas Corp. 


855. Flow Meters 

Catalog on flow meters for gases, liquids 
and combination. line of manom- 
eters. Seico Div., Eclipse 


856. Forging Rolls 

12-page Bulletin 91-B on wide adjust- 
ment forging rolls illustrates equipment, 
lists accessory equipment and gives prin- 
cipal dimensions. Ajax Mfg. 


857. Forgings 

Bulletin on forge steelmaking, open die 
forging, machining, heat treating and fin- 
ishing. National Forge 


858. For 


12-page booklet on how forged weldless 
rings and flanges are made. Case histories. 
Standard Steel Works Div., B-L-H 


859. Forming 
88-page book on equipment and process 


of cold roll-forming. Wide sheets, narrow 
trim, tubular i 


shapes, curving, coiling, 
tooling needed. Yoder 
860. Freezer 


Data on chest for use down to —140° F. 
for production and testing. Revco 
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861. Furnace Belts 

44-page catalog describes metal belts 
for ae, tempering, carburi 
and other applications. Ashworth Bros. 
862. Furnace Controls 

Bulletin 658 on saturable reactor for 
regulation and control of electric ovens 
and furnaces. Sorgel Electric Co. 
863. Furnaces 

Folder on industrial heat treati 
naces. Continuous designs. Insu 
Pacific Industrial Furnace 
864. Furnaces 

Folder describes complete setup for 
heat treatment of small tools, including 
draw furnace, quench tank and high tem- 
perature furnace. Waltz Furnace 
865. Furnaces 


12-page catalog on electric heat treat- 
ing furnaces. Data on each of 57 models. 
Controls, instruments, elements and ac- 
cessories. Lucifer Furnaces, Inc. 


866. Gas Analysis 

Bulletin 482 on gas chromatograph for 
analysis of and low-boiling liquids. 
How it works. Harshaw Scientific 
867. Graphite 
e booklet on “The ABC's of Col- 


fur- 
tion. 


loida rsions’ answers questions 
most frequently asked about colloids. 
Acheson Colloids Co. 


868. Graphite 

Folder on graphite crucibles, funnels, 
and special preformed electrodes. High- 
purity powder. United Carbon Products 


869. Hand Forgings 
20-page brochure on availability, uses, 
Ss, sizes, alloys, tempers. Kaiser 
uminum & Chemical Sales 


870. Hardness Tester 

Bulletin TT-59 on tester for measuring 
standard Rockwell and superficial hard- 
ness. Wilson Mechanical Instrument 


871. Hardness Tester 


4-page bulletin on tester for both .— 
ficial and regular hardness testing. Tor- 
sion Balance Co. 


872. Hardness Tester 

Bulletin S-33 on vertical-scale and dial- 
indicati scleroscopes. How they are 
calibrated. Shore Instrument 


873. Hardness Tester 


20-page book on hardness testing by 
Rockwell method. Clark Instrument 


874. Hardness Tester 

Catalog 72-1 on Leitz miniload tester 
for Vickers and Knoop hardness tests. 
Opto-Metric Tools, Inc. 


875. Hardness Tester 

4-page bulletin on portable metal hard- 
ness tester for any sha or metal. 
Ranges, features. Newage Industries 


876. Hardness Testers 

20-page Catalog No. DH-326 on — = 
applications and how to use superficia 
hardness testers. Wilson Mechanical In- 
strument Div. 


877. Hardness Test 
Bulletin A-18 on Alpha Co. Brinell 
hardness testing machines. Gries Indus- 
tries 
878. Heat-Resistant Alloys 
Data sheet on RA309 gives creep, stress- 


rupture and mechanical properties, com- 
position. Rolled Alloys, Inc. 


879. Heat Treat Pots 

Catalog on pressed steel pots for lead 
salt, cyanide, oil temperi and metal 
melting. Eclipse Industrial Combustion 
880. Heat Treating 


Monthly bulletin on used heat treating 
and plating equipment available for im- 


MOLYBDENUM 


Guaranteed 
99.9+% Purity 


R & R's rigid controls 


1. Custom tailored Hyd Re- 
duced Molybdenum POWDERS, 
regulated as to particle size 
and density. 

2. High purity low gas content 
Molybdenum DI for vacuum 
melting applications. 

3. Pressed and sintered la: 
BILLETS, ELECTRODES, and 
FABRICATED PARTS to 
specified shape, size and density 
for either direct use or fi 
processing such as forging, 
rolling, or extrusion. 


TUNGSTEN 


Guaranteed 
99.9+% Purity 


R & R's rigid quality controls 

assure superior: 

1. Custom tailored Hydrogen 
Reduced Tungsten metal 
POWDERS, regulated as to 
particle size, distribution and 


density. 
2. High purity low gas content 
Tungsten DISCS for vacuum 


melting applications. 

3. Pressed and sintered lar; 
BILLETS, ELECTRODES, and 
FABRICATED PARTS to 
specified shape, size and density. 

4. Tungsten COMPOUNDS 
consistent and of the highest 
quality. 

Large productive capacities assure 

prompt service. Our research de- 

partment will be assist in 


developing the M BDENUM 
or TUNGSTEN metal products best 
suited to your requirements. 


REDUCTION 
& REFINING 


COMPANY 


Kenilworth 1, New Jersey 
Telephone: CHestnut 5-3200 
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Hundreds of installations 


Applications over the past few years 


have proved the economy of 
(REGULAR AND the only hardness tester 

a which combines all scales 
of Rockwell Test (15 to 
150 kg. loads). 


DETROIT 
Mr. Paul W. Wendt & Sons Mr. H. E. Evans 
431 S. Dearborn St. Rm. 401 336 Dover Road 


Ch 5 Pontiac, Michigan 
The Kentrall cuts costs 
because it does the job of C. W. Hunt & Son Mr. Ronald R. States 
R.D. #3 Richland Road 
two conventional testers, y 
requires only half the space LOS ANGELES CANADA 
and maintenance. Write for 1208 Boyle Avenue St Mark Street 
H H + “The Biggest Ou Los Angeles 23, California Montreal, Quebec 
. von - 
plus a list of prominent Hance 
users who have switched nga Vancouver 6, 8 
to Kentrall. Teise WEW YORK Owersified Research 
Mr. Paul Schlesinger & Sales Ltd - 
(Paveite Trading) 151 Belfield Road 
220 West 42nd Street Rexdale, Toronto. Ont 
New York 36. New York Canada 
*Any of these sales engineers will gladly help you with your 
KENTRALL own lubricating and related problems, and prove to you the 
THE TORSION BALANCE value of GRAFO Colloidal Dispersions for improving production. 


COMPANY 


| GRAFO COLLOIDS Corporation 
Wilkes Place, Sharon, Pa. ° 


KENTRALL MODEL CT-2 


Sales Offices: 
Chicago, San Francisco 


FOR THE. REAL INTERCHANGEABILITY 
TOOLING 


| NEW UNIPUNCH "AJ” Series provides not 
only interchangeability with UNIPUNCH Series A”... but also WITH UNITS 
and PARTS of OTHER LEADING MANUFACTURERS! 


In keeping with the UNIPUNCH Series “A” Hole Punching and Notch- 
ing Units this new UNIPUNCH “AJ” Series has the popular “standard” 
8%” shut height, 34%” die height and the same maximum capacity of 4” 
thick mild steel permitting all these Units to be used in the same setups. 

All-steel cast holders produce longer life by combining higher tensile 
strength and longer wear plus greater bearing surface for punch guides 
than previously available in this type of holder. 


USING PEDESTAL DIES Pedestal Die design is ideal for preaching 
holes in angles, extrusions, channels and formed parts with lips or 
flanges. Slug chutes in these Pedestal Dies may be directed to prevent 
piling up of slugs—an important feature in making setups for punch- 
ing a cluster of round or shaped holes. 


a USING DIE ADAPTERS UNIPUNCH Type 
“AJ” Hole Punching Units with Die Adapters 
provide inexpensive Die Button replacement plus 
y= easy interchangeability of standard low-cost 
ie buttons—same as used in UNIPUNCH Type 

“A” and “B” Hole Punching Units. 


[see UNIPUNCH ar Ny, 


NATIONAL METAL EXPOSITION 
Nov. 2-6, CHICAGO, Booth 1566 


A 


WRITE FOR 
CATALOG AJ 
® 3826 HIGHLAND AVE., NIAGARA FALLS, N. Y. 
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mediate delivery. Metal Treating Equip- 
ment Exchange 


881. Heat Trea 

New 6-page technical Bulletin T-19-C 
on equipment operating at up to 2000° F. 
Ipsen Industries, Inc. 


882. Heat Treating 

Bulletin 14-T on ovens for heat treat- 
ment of aluminum and other low-temper- 
ature processing. Young Bros. 


883. Heat Treating Ammonia 

24-page “Guide for Use of Anhydrous 
Ammonia” describes heat treating and 
other metallurgical uses. Nitrogen Div., 
Allied Chemical & Dye Corp. 


884. Heat Treating Belts 
16-page booklet on selection of steel 

processing conveyor belts gives complete 

specifications. ickwire Spencer Steel 


885. Heat Treating Equipment 

24-page Catalog 54 on light weight proc- 
essing and heat treating equipment. 
Pressed Steel Co. 


886. Heat Treating Fixtures 

16-page Catalog M-7 on heat treating 
baskets and corrosion-resistant-alloy fab- 
rications. Wiretex Mfg. Co. 


887. Heat Treating Furnaces 
32-page catalog on high-speed gas fur- 
naces for heat treating carbon and alloy 
steels; also pot furnaces for salt and lead 
hardening. Charles A. Hones, Inc. 


888. Heat Treating Pots 
Bulletin 110 gives data on sizes and 


shapes of cast nickel-chromium solution 
pots. Fahralloy 


889. Heat Treatment 

Bulletin 200 on car hearth, rotary 
hearth, pit, roller hearth, belt, chain, 
usher, and “hi-head” furnaces. R-S 
urnace 


890. Heaters 


Bulletin on immersion heaters for elec- 
troplating solutions. Glo-Quartz 


891. Heating Elements 

Bulletin on cast heating element used 
in electric furnace. Various methods of 
mounting. Electric Furnace 


892. High-Strength Steel 

4-page bulletin on Yoloy “E” steel. 
Properties, corrosion resistance and 
strength. Youngstown Sheet & Tube 


893. High-Temperature Bolts 

4-page bulletin on aircraft bolts for 
working temperatures to 1600° F. Stand- 
ard Pressed Steel Co. 


894. High-Tensile Steel 

8-page bulletin on properties and com- 
position of N-A-X high-tensile steel. Ex- 
amples of resistance to impact, yo 
abrasion and corrosion. Great Lakes Steel 


895. High-Vacuum Equipment 

28-page brochure giving standard de- 
signs, specifications for selection of valv 
baffles, traps. Rochester Div., Consolida 
Electrodynamics Corp. 


896. High-Vacuum Pum 
Bulletin gives and 


pumping speed curves of two models. F. 
J. Stokes 


897. Inconel 

24-page Bulletin T-7 on peeutes of 
Inconel. 22 property tables. Corrosion re- 
sistance and working characteristics. In- 
ternational Niekel 


898. Induction Brazing 
Folder tells how tips of carbide may be 
brazed on tool shanks. Ohio Crankshaft 


899. Induction Hardening 
Bulletin M-1938 on induction harden- 

ing machine gives advantages and appli- 

cation. Cincinnati Milling Machine 
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900. Induction Heating 

Bulletin 20-30 on high-frequency power 
source and control unit. Diagrams of 
units. Inductotherm Corp. 


901. Induction Heating 

12-page booklet on the ABC’s of induc- 
tion heating for extrusion, forging, braz- 
ing, heat treating and metal joining. Mag- 
nethermic 


902. Induction Heating 

High Frequency Review contains arti- 
cle on high-temperature tests 
using induction heating. Lepel High Fre- 
quency Laboratories 
903. Induction Heat 

Induction Heating News No. IHN-7 de- 
scribes applications of induction heat in 
heat treating of metals. Induction Heating 


904. Industrial Fans 
Bulletins IF-100, TB-109, HF-100 and 


BB-105 on industrial fans and blowers. 
General Blower Co. 


905. Inspection 

16-page booklet on magnetic particle 
inspection. Equipment. ures, kinds of de- 
fects that can be found. Magnaflux 
906. Inspection 

Bulletin on Spotcheck 
inspection. Advantages, prices. Magnaflux 
907. Investment Casting 

“Pointing the Way” presents seven case 
histories on advantages of investment 
castings. Engineered Precision Casting 
908. Lab Test Dies 


Complete information on multi-motion 
laboratory test specimen dies. Haller 


909. Laboratory Equipment 
Bulletin on cutting test specimens de- 


scribes methods for different types of 
metals. Price list. Sieburg Industries 


910. Laboratory Equipment 
Data on cathodic vacuum etcher for 
metallographic samples, complex alloys 
and dispersions that are difficult to , 
Nuclear Materials & Equipment Corp. 


911. Laboratory Furnace 

Information on 4600° F. laboratory fur- 
nace. Bottom-dropping hearth; for use 
with oxyacetylene or natural gas burners. 
Zirconium Corp. 


912. Lubricant 

8-page booklet, “Biggest Ounce of Pro- 
tection,” tells of lubrication with colloidal 
graphite products. Grafo Colloids 


913. Lubricants 
Bulletin 581 on colloidal graphite dis- 
rsions for industry. 17 uses listed. Ta- 
les on concentrated and ready-to-use 
solutions. Graphite Products Corp. 


914. Magnesium 

40-page bulletin on designing with mag- 
nesium and titanium. Properties, form- 
ability and fabricating processes. Brooks 
& Perkins 


915. Magnesia 
53-page book on wrought forms of mag- 
nesium. Includes 44 tables. White Metal 
Rolling & Stamping Corp. 
916. Magnesium-Zirconium 
10-page ot on an investigation of 
zirconium chloride, zirconium fluoride, 
40% zirconium-magnesium material for 
making magnesium-zirconium alloys. Ti- 
tanium Alloy Mfg. Div. 


917. Magnetic Alloys 
Bulletins 52-100 and 52-151 on qeeties- 


tions, characteristics and annea 
Hipernik, Hipernom, Hiperco and Con- 


NEW “FLAME-PAK” DETECTOR UNITS 


trols... i 
in” servicing! 


point location of any faulty burner! 
NEW “IGNITIFIER” 


—in seconds! 


NON-DUPLICATED COMPONENTS 
for unprecedented 
ings in multi-burner installations! 


NO CRITICAL FLAME ADJUSTMENTS 


thr ‘ 
unstable operation! 


See both single and muiti- 
burner PROTECTOFIERS 
demonstrated at the 
Chicago Metal Show— 
Booth 1718. 


NEW PCI | 


PROTECTOFIER 


COMBUSTION SAFEGUARD 


in Automatic Burner Supervision... 


... only a fraction of size of other con- 
. interchangeable for easy “plug- 


2 NEW “TELEFIER” FLAME-FAULT INDICATOR. 


gives you numerical readout to pin- 


... motor-driven multi-burner igniter con- 
trol automatically fires up to 32 burners 


cost and space sav- 


... electrodes can even be immersed 
h center of flame without causing 


TECTION CONTROLS, INC. 
N. Lawndale Ave., Skokie, II, 
() Please send details covering new 
PCI PROTECTOFIER. 


Neme. 

Company_____ 

Address___ 
City Zone__State___ 


SECTION CONTROLS, INC. 
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From hair pins to rockets 


Look into 


production savings possible 


with automatic 


DESPATCH 


INISHING S 


YSTEMS 


My 


= 


Control panel along wall controls Electro-static spray booth in finish- Small 3 stage washer and dry- Finish Bake Oven in modern trac- 
material flow through washing, ing department of refrigerator off oven prepares small parts tor plant shows programing of 
rinsing, chromic acid treatment, manufacturer. Completely avto- with maximum automation. all components to expedite 
finish coating on metal and fin- matic control. assembly at exit of Despatch 
ish baking. baking oven. 


Our 50 years in building heat processing equipment for 


When competition forces your prices down and you ter 


are casting around for a way to save your customers the latest scientific applications of automation in finishing 
without losing your profit . . . look into your finishing 
department. For 20 years new synthetics have been 
altering requirements in finishing equipment. In more You will find our engineers resourceful in applying 
recent times new material handling methods have 
introduced new ways to organize finishing production 

to lower handling costs. Write today for a resident engineer or request 

Through this finish production revolution, Despatch bulletin No. 51 


Engineers have maintained close contact with leading 
chemical research and development organizations. 
Our engineers have collaborated with basic metal 
manufacturers and finish coatings producers to de- 
velop processes in wide use today. Many of these 
developments are protected by Despatch patents. 


DESPATCH 


DESPATCH OVEN COMPANY 


619 S.E. 8th Street © Minneapolis, Minn. 
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MEASURE 
TEMPERATURES 
| 


PYRO 


OPTICAL 
PYROMETER 


Instantly meas- 
ures temperatures 
of minute spots, 
fast moving ob- 
jects, smallest 
Streams. Stock 
ranges from 1400° 
F to 7500° F. 


Send for free catalog No. 85. 


the universal 


PYRO 


SURFACE 
PYROMETER 


Quick-acting, pre- 
cise, with easy-to- 
read 4%” dial. 
Single and double 
ranges — 0°-300° F 
to 0°-1500°F for 
surface and sub- 
surface tempera- 
tures. Also sub- 
zero and special 
ranges. 


Send for free catalog No. 168. 


4 NSTRUMENT 
INC. 


8, NEW JERSEY 
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pernik. Hipernik 


estinghouse 
918. M 

Data on Pain‘ markers for identifi- 


cation of heat treated parts. Markal Co. 


919. Meehanite Castings 
12- J boaittet on castings for cams, 
d crankshafts describes spe- 
cific 4. Meehanite Metal 


920. Metal Cleaning 

Folder on phosphatizing compounds, 
precleaners, addition Agents, acidulate 
rinse. Northwest Chemica 


921. Metal Cutting 

56-page Catalog No. 32 gives prices and 
describes complete line of rotary files, 
burs, metalworking saws and other prod- 
ucts. Martindale Electric 


922. Metal Pouring Practice 
New 8-page brochure gives six hints on 


improving metal pouring practice. Vesu- 
vius Crucible Co. 


923. Metal Powders 

New 8-page booklet on prealloyed 
metal powders and tool steels used in 
powder metal parts production. Vana- 
dium-Alloys Steel Co. 


924. Metallograph 

8-page catalog E-240 on research metal- 
lographic equipment discusses microscope 
unit, illuminator, optical uipment, 
a focusing arrangements. Bausch & 


925. Metallograph 
on? bulletin on -type and re- 
metallographs. Accessories, illumi- 


systems, specifications. American 
Optical 


926. Microhardness 
Data on microhardness tester with 


readings corresponding to Vickers. New- 
age Industries 


927. Microscope 

32-page booklet on Pg projec- 
tion microscope. me applications, 
illuminator unit. , Trough hton & 


Simms 


928. Microscopes 
ge catalog on mi metallo- 
metallurgical, toolmakers stereo- 
polarizing, medical microscopes, 
other instruments. Unitron Instrument 


929. Microscopes 

Data on Zeiss-Siemens television micro- 
scope and Zeiss automatic photo micro- 
scopes. C. A. Brinkman 


930. Nickel-Base Alloy 

Technical Data series No. 86 on René 
41, vacuum-melted nickel-base alloy. 
Properties. Temperature range 1200 to 
1800° F. Cannon-Muskegon 


931. Nonferrous Wire 


Folder ove wire ge and footage 
chart and data on beryllium copper, phos- 
phor bronze, nickel, silver, brass and 
aluminum wire. Little Falls Alloys 


932. Nuclear Forgings 

6-page brochure on carbon, alloy and 
stainless steel for re- 
actor applications S. Steel Corp. 
933. Oil Quenchin 


8-page brochure tells in detail how 
carbon steel often can replace alloy steel 
when additive is used in the quenching 
oil. Aldridge Industrial Oils 


934. Ovens 

Bulletin No. 5720 on mechanical re- 
circulating utility ovens with automatic 
temperature control. Blue M Electric 
935. Ovens 

Bulletin 4-257 on gas, oil and elec- 
tric ovens. Load-carrying-door, electric- 
(Continued on page 48-A) 


‘NEW IDEAS... 


IN STAINLESS 


STEEL | 
COMPONENTS 


When it comes to 
problem solving and 
new ideas, you can 
count on the engi- 
neers at Alloy Prod- 
ucts. These special- 
ists in stainless steel 
have a deserved rep- 
utation for crafts- 
manship and ingenu- 
ity. High precision 
machining, perfect 
heli-arc and deep, deep 
draws are just a few of the specialties. 
No run too small and no run too big 

. you can count on AePeC when you 
specify stainless. 

Write today for this 20 page illus- 
trated brochure showing the — 
AePeC will put at your command 


ALLOY PRODUCTS 


1045 Perkins Avenue * Waukesha, Wis. 


NAME . 


oo 
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| and 
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| COMPANY 
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How | B&W JOB-MATCHED TUBING 


speeds machining of precision parts 


.-. Uniform close tolerances—require minimum — These are just a few reasons why it pays to spec- 

machining to “clean-up.” ify B&W Job-Matched Seamless Mechanical 

, : Tubing for production of hollow precision parts. 

; write for Bulletin TB-340 for full information. 

...Complete size range—permits choice of a § The Babcock & Wilcox Company, Tubular Prod- 
tube size most appropriate for end use. ucts Division, Beaver Falls, Pa. 


Metal Show * Booth 528 
International Amphitheater 
Chicago * November 2-6 


THE BABCOCK & WILCOX COMPANY 
TUBULAR PRODUCTS DIVISION 


Seamless and welded tubular products, solid extrusions, seamless welding fittings and forged steel flanges—in carbon, alloy and stainless steels and special metals 
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INDUSTRIAL PRESSURIZED 


PROTECTION 


ANNOUNCES PRINCIPLE 


A NEW METHOD GIVING YOU 
STARTLING HEAT TREATING RESULTS 


WHAT P-P-P DOES 


1. Maintains positive pressure of protective and ac- 
tive atmosphere at .010” of water 


2. Given precise control of atmosphere mixes 
3. Reduces amounts of carrier gas and additions 
4. Preconditions green load automatically 


5. Permits slow cool or quench without reloading in- 
terference 


6. Excludes air from vestibule minimizing fire or ex- 
plosive hazards. 


HOW P-P-P IMPROVES QUALITY. . . LOWERS COSTS 


® Gives positive metallurgical and processing duplication load 
after load. 


® Produces surface conditions which permit direct plating on 
properly pre-conditioned parts. 


® Eliminates spotty hardness and discoloration. 
® Permits uniform shallow case (.001”-.005”) on thin parts. 


® Reduces amounts of generator gas consumed—uses lower 
priced generator. 


® Permits visual observation of furnace pressure and atmos- 
phere conditions. 


® Prolongs life of alloy components—reduces down-time and 
maintenance costs. 


P-P-P AVAILABLE FOR 


—CARBONITRIDING —CARBURIZING 
—CARBON RESTORATION —CLEAN HARDENING 


TYPES OF P-P-P FURNACES 
* AUTOMATED * SEMI-AUTOMATED * BATCH 


FACILITIES AVAILABLE TO PROCESS 
SAMPLE PARTS—WRITE 


INDUSTRIAL 


HEATING EQUIPMENT CO. 


CIRC-AIR 3570 FREMONT PLACE, DETROIT 7, MICHIGAN ©® WALNUT 3-7000 
PIONEERS AND STILL LEADERS IN RECIRCULATION 
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THE MARK OF QUALITY 


For the finest 


devices...see Wheelico 


Wheelco-Land Radiation Pyrometers 


For temperatures up to 5000°F and higher, the Wheelco-Land 
radiation pyrometer (above) combines high sensitivity with 
rugged construction. Fast and sensitive, pyrometer readings 
remain constant even though the size-of the hot object is in- 
creased. Wheelco 400 Series millivoltmeter indicating controllers 
can be used with many types, potentiometer-type instruments 
can be used with the entire line. For complete data write for 
Bulletin F-9285. 


A complete selection of 
stock thermocouples is 
available for prompt 
shipment. In addition, 
Wheelco engineering and research departments are broadly 
experienced in special applications and in the current status of 
new and improved thermocouple materials. Working tempera- 
tures in the 3000°F range can be handled. For details write 
for Wheelco’s 42-page data book. 


Applications requiring optical pyrometers can be handled with 
equal efficiency. For details write Wheelco or contact your 
nearby Wheelco field engineer. 


BARBER-COLMAN COMPANY 
Dept. V, 1518 Rock Street, Rockford, Illinois, U.S.A. 


BARBER-COLMAN of CANADA, Ltd., Dept. N, Toronto 
EXPORT AGENT — AD. AURIEMA, INC., NEW YORK 


Industrial Instruments * Automatic Controls * Air Distribution Products 
Aircraft Controls * Small Motors * Overdoors and Operators * Molded 
Products * Metal Cutting Tools * Machine Tools * Textile Machinery 
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Your best move is to UNITRON. .. 


for a COMPLETE LINE of METALLURGICAL MICROSCOPES! 


UNITRON’S Complete Line of Metallurgical 
Microscopes and Accessories covers the needs 
of Research, Industry and Education. 


Quality optics . . . advanced optical and 
mechanical design . . . unique and convenient 
operational features . . . budget prices .. . 


free trial period — these, together with 
proven performance are the reasons why . . . 


THE TREND IS TO UNITRON! 


+ 
EN, of UNITED SCIENTIBVG >, 
Please rush UNITRON', Microscope Catalog 2¥ 
Nome 
Company 
Address 


Contact 
HARSHAW 
SCIENTIFIC 
for your 
Laboratory’s 
Building Blocks 


FURNITURE 
APPARATUS 
INSTRUMENTS 


EQUIPMENT 
GLASSWARE 


Harshaw stocks many thousands of items— 
from corks to electron microscopes— obtained 
from over 800 manufacturers in all parts of 
the country. We would welcome an oppor- 
tunity to serve you. 


HARSHAW SCIENTIFIC 
Division of The Harshaw Chemical Company 


LOS ANGELES 22, CAL. 
BRANCHES 3237 Se. Garfield Ave. 
Tel. RAymond 3-3161 

CLEVELAND 6, OHIO DETROIT 28, MICH. OAKLAND 1, CAL. 
1945 East 97th Street 9240 Hubbell Avenue 5321 E. 8th St. 
Tel. VUicon 3-2424 = Tel. VErmont 6-6300 Tel. KEliog 3-9169 
CINCINNATI 13, OHIO HOUSTON 11, TEXAS PHILADELPHIA 48, PA. 
6265 Wiehe Rd. 6622 Supply Row Jackson & Swanson Sts. 
Tel. REdwoed 1-9100 Tel. WAinut 3-1627 Tel. HOward 2-4700 


SALES OFFICES 


AMARILLO, TEXAS, 3409 S$. Jackson Street, Tel. DRake 4-9948 

ATLANTA 5, GEORGIA, 3130 Maple Drive, N.E., Tel. CEdar 7-1626 

BATON ROUGE 6, LOUISIANA, 3160 Florida St., Doherty Bidg., 

Room 103, Tel. Dickens 3-1933 + BUFFALO 2, N. Y., 260 Delaware 

Avenue, Tel. GArfield 9200 « HASTINGS-ON-HUDSON 6, NEW YORK, 

Tel. LOrraine 2-6250 « PITTSBURGH 22, PENNSYLVANIA, 505 Bessemer 
Building, Tel. ATiantic 1-6668. 
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, ane S you deeper hardening, less sitivity to overheating, grea ection against 
ee uniformity from surface to core, end to end, lot to lot. Vega combines the machining | 
your local SERVICE-CENTER, > 


To a dedicated mining management, getting ore out of the 
ground and to the user at the lowest possible cost is only 
part of the story. The responsibility of breathing life into 
a town which depends upon a mine for its existence weighs 
just as heavily. And if the mine is as isolated as Sherritt’s 
nickel mine in Northern Manitoba, management must 
further provide all the tools the town needs to run itself 
happily . . . democratically . . . successfully. 

Here at Lynn Lake a population of 2000 is supported by 
some 600 Sherritt people who work two nickel mines and 
a concentrating plant on a three-shift basis. But before 
this could be done, Sherritt had to move in all the facilities 
for an entire town . . . on tractor-pulled sleighs . . . over 165 
miles of 20-degrees-below-zero wilderness. The great por- 
tage included 208 buildings—150 homes, a bank, a post 
office, a school, 2 churches—and a complete milling and 
concentrating plant. Two hydroelectric plants had to be 
built to provide power. And, later, a 150-mile railroad 
had to be built to handle the mines’ output. 

Today, Sherritt people at Lynn Lake turn out 2500 to 
3500 tons of ore per day which is concentrated, then 
shipped to the company’s refinery at Fort Saskatchewan 
800 miles away. There it is refined to yield 35 tons of 
99.8% pure nickel per day by people who also realize that 
getting the nickel out is only part of the job. 


The Sherritt mines at Lynn Lake, Manitoba, yield a 
generous 2500 to 3500 tons of nickel-copper-cobalt ore 
per day. 


Getting the 


nickel out 
is only part of the job 


FOOTE MINERAL COMPANY is the exclusive sales agent for Sherritt nickel 
and cobalt in the United States and Canada. For product literature, prices, and 
delivery information, contact the Foote Mineral Company, 424S Eighteen West 
Chelten Building, Philadelphia 44, Pennsylvania. 

SHERRITT 


SHERRITT GORDON MINES LIMITED 
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Today’s metallurgical engineers and 
scientists are constantly meeting the 
challenge of sweeping technological ad- 
vances. Electronic brains that solve 
“impossible” problems . . . jets and 
space craft which open brand-new 
horizons... reactors that produce fan- 
tastic amounts of nuclear energy. Ad- 
vances such as these demand better 
metals . . . metals free of inclusions, 
with better electrical conductivity, in- 
creased hot strength, extended creep 
resistance and fatigue limits. In turn, 
better refractories are a “‘must” in 
order to precisely control purity and 
composition during the development 
of these metals. 

Metal processors have long relied on 
the wide range of Norton Refractory 
products to precisely meet their re- 


ynamic Achievements With Purer Metals 


..reflect the positive protection of Norton Refractories 


quirements. High purity (99.5°7) 
ALUNDUM* aluminum oxide, outstand- 
ingly stable to both oxidizing and re- 
ducing atmospheres . . . dense, fused, 
stabilized Zirconia for operations re- 
quiring an inert refractory for ex- 
tremely high temperatures . . . non- 
wetting, nitride-bonded CRYSTOLON* 
silicon carbide...low boron MAGNORITE* 
magnesium oxide, ideal for vacuum 
melting. In addition, the Norton 
Man is constantly helping in process 
and product development. Backed by 
Norton Company’s extensive engineer- 
ing facilities, he can offer time and 
money-saving advice on all refractory 
problems. 


Meet your processing requirements 
more efficiently and economically with 
Norton Products and Engineering. For 
complete details write NORTON Com- 
PANY, Refractories Division, 329 New 
Bond Street, Worcester 6, Mass. 


*Trade-Marks Reg. U. S. Pat. Off. and Foreign Countries 


WNORTONK 


REFRACTORIES 
Engineered... R Prescribed 


Making better products...to make your products better 
NORTON PRODUCTS: Abrasives + Grinding Wheels + Grinding Machines + Refractories + Eleciro-Chemicals — BEHR-MANNING DIVISION: Coated Abrasives + Sharpening Stones + Pressure Sensitive Tapes 
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Superex is easily combined with other insulations such as Johns-Manville 
Thermobestos®, J-M 85° Magnesia or J-M Insulating Fire brick. 


Only Johns-Manville Superex insulation 
performs 3 ways better at high temperature! 


Few industrial products are so outstand- 
ingly superior, or so widely used in their 
area of application, as Johns-Manville 
Superex® Insulation. 

A block insulation formulated of diato- 
maceous silica and asbestos for furnace 
and other applications, Johns-Manville 
Superex brings many advantages to high- 
temperature service—each contributing 
to reduced construction, maintenance 
and operating costs. 

Superex is installed with measurable 
savings in time and labor! It is easy to 
cut and handle . . . weighs only 2 lbs. per 
sq. ft. per inch thickness . . . available in 


JOHNS-MANVILLE JM 


a wide variety of large block shapes and 
sizes. At high temperature—the mate- 
rial’s excellent insulating value, thermal 
stability and resistance to shrinkage keep 
fuel costs low. Equally important—Su- 
perex saves on maintenance, too... 
easily withstands the daily abuse of nor- 
mal service. 


Send for your copy of IN-190A, the 
12-page design and technical data bro- 
chure. It lists suggested applications— 
gives complete heat transmission tables 
and performance data. Write for it today. 
Address Johns-Manville, Box 14, N.Y. 
16, N.Y. In Canada, Port Credit, Ont. 


Saves waste. Superex comes in 7 
standard thicknesses from 1” to 4’’. 
Other sizes available on order. 


RODUCTS 
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BEST ‘WAY 


It’s the Acoustica ultrasonic way! The metal is immersed in a cleaning solution, activated in an Acoustica 
ultrasonic tank. Almost instantaneously, the fluid bubbles with powerful “cavitational” action. 

“Silent sound” is at work! In seconds the dirt has disappeared —every particle of it, down to the invisible 
dust that escapes the human eye. /t has been blasted away ultrasonically! There is no laborious, 
time-consuming scrubbing, no disassembling — maintenance costs are at a minimum. Results are better, faster, 
cheaper. Definitely the world’s best way to clean metal is the Acoustica ultrasonic way! 


Acoustica is the recognized leader in quality ultrasonic cleaning equipment, the sole producer of the Multipower 
transducer. An Acoustica certified ultrasonic application is your assurance of maximum cleaning efficiency ! 


Acoustica Associates, Inc., Fairchild Court, Plainview, N. Y., 10402 Aviation Blvd., Los Angeles, Calif. 


THE GREATEST NAME IN ULTRASONICS 
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Crucible Alloy Offers High Impact Strength, 
Hardness at 220-240,000 psi Strength Levels 


Today’s ultra-strength steels possess a unique 
combination of mechanical properties even when 
they are used at their ultimate levels of tensile 
strength. One of the first steels developed in this 
class — Crucible HY-Tuf® — combines high im- 
pact strength, hardness and good ductility at the 
220,000/240,000 psi range. 


HY-Tuf (1.8% Ni, 1.30% Mn, 1.50% Si, 0.40% 
Mo) was first widely used in aircraft applica- 
tions because of its favorable strength-weight 
ratio. But, because it is also tough and hard, it 
has rapidly found its way into power-driven gar- 
den tools, hand- and power-operated banding 
machines, rock bit bodies, cutter head bolts, 
couplings, pinion gears and shafts. 


HY-Tuf's high impact strength, especially at 
high levels of tensile strength or hardness, has 
been demonstrated in a great number of tests. 
These tests prove HY-Tuf definitely superior to 
standard AISI alloy steels in impact strength 
and ductility at hardnesses above 42 Rc or tensile 
strengths above 190,000 psi. For specific com- 
parisons, see Figures A and B. 


FIG. A—TENSILE AND IMPACT DATA 


01% 


Strength, Strength, Eleng. % Red 
psi psi in 2 in. of Area Ft-Lb 


193,000 154,000 13.1 49.7 31 
212,000 210,000 11.2 478 17 
205,000 198,000 112 394 8 
203,000 200,000 103 434 Ill 


FIG. B—MAXIMUM IMPACT PROPERTIES 
(at hardness of Rockwell C45 or greater) 


Tension impact 
Grade Ft-Lb . | Temper 


HY-Tuf 33 
4340 13 
4140 17 
8630 19 52.5 
4130 (oil) 17 14.5 
4130 (water)| 21 13.0 52.5 


Oversize .505” dia. tensile specimens and finish machined Izod speci- 
mens were oil quenched from the conventional austenitizing tempera- 
tures and tempered os indicated. 


The alloy’s superior ductility is shown by these 
slow bend tests performed on 7" rod bars heat 
treated to 47 Re. 


FIG. C—BEND TESTS 
Bars — %" rd. 


HY-Tuf’s notch sensitivity is much lower than 
that of conventional steels at hardnesses of 45 to 
47.5 Re. Unlike other alloys, HY-Tuf has higher 
impact values for the V-notch Izod test than for 
the keyhole Charpy test. This is important be- 
cause it means that HY-Tuf is much less sensi- 
tive to a notch at high strength levels than ordi- 
nary steels. 


Crucible HY-Tuf conforms to MIL-S-7108 and 
AMS 6418 and is available in commercial sizes 
and quantities. For more information on this 
ultra-strength alloy, send the coupon. 
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3 
4 
Re 46.5 4340 
Re 46.5 4140 
6 Re 46.5 9442 Re 47 HY-Tuf 
2% 
Grade Temper Re psi 7 
HY-Tuf SSOF 46.5 234,000 
4340 700 46 228,000 
41440 «6800 «46 227,000 
— 
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TESTING TEMPERATURE 


Effect of testing temperature on the notch impoct volves of HY-Tuf 
ond conventional steels heat treated to 47 Rc. 


New Low Prices of Titanium 
Mill Products Justify Using 
The Alloy in More Applications 


Early this year Crucible’s Titanium Division an- 
nounced new price reductions for its titanium mill 
products — that cut these prices to a new industry 
low. The reductions, as much as 25%, affected both 
base prices and the costs of “extras”. 

For example, sheet was cut from $9.10 per pound 
base price to $7.75. Strip was reduced $1.25 per pound 
to $7.25. Plate, formerly $6 per pound, now costs only 
$5.25. Crucible also slashed billet prices to $3.55 per 
pound and wire to $5.75 per pound. Bar items were 
reduced $1.00 per pound to $4.25 (base price). In 
addition, some size “extras” were reduced as much 
as 55%, and finished “extras” by over 40%. 

Because of these lower prices, engineers can now 
utilize titanium’s unique properties in many more 
applications and justify the selection economically. 
(Even at previous prices, titanium often proved itself 
the low-cost metal on a cost-per-service-year basis.) 
This should prove especially true in processing appli- 
cations requiring corrosion resistance and long-serv- 
ice life, and in aircraft and missile applications where 
high-strength, lightweight materials are essential. 

During the past five years, titanium fabricating 
costs have also been cut substantially because of ex- 
perience gained in forging, machining, welding and 
forming. For detailed information on Crucible 
titanium mill products, send the coupon. 
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Permanent magnet handbook: 
346 pages of design data 


One of the most comprehensive manuals ever pub- 
lished on permanent magnets is available through 
Crucible Steel Company. 

The Permanent Magnet Handbook contains all the 
data needed to design magnets into generators, 
meters, compasses, chucks, couplings, hi-fi and tele- 
vision components, and thousands of other products. 
It also contains entire sections on permanent magnet 
measurements, ferromagnetism, magnetization, de- 
magnetization and electro-magnetic theory. It gives 
the complete performance and property data of over 
60 different magnet materials : such as , magnet steels, 
Alnico alloys, and 
Ferrimag ceramics. 

To cover actual 
printing costs, a nom- 
inal sum of $10.00 is 
being charged for each 
copy. However, this 
sum also covers the 
cost of additions to the 
handbook — mailed to 
subscribers each time 
new Crucible data be- 
come available. 

For your copy, send the coupon and check or money 
order for $10.00. If you are located in Pennsylvania, 
add 35¢ for state sales tax. 


CRUCIBLE STEEL COMPANY OF AMERICA 
Dept. EJO9, The Oliver Building 
Mellon Square, Pittsburgh 22, Pa. 
Gentlemen: 
Please send me the following: 
1. Crucible HY-Tuf Dota Sheet [) 
2. Further information on titanium mill products [) 
3. Permanent Magnet Handbook (Enclose check or 
money order) 
Nome 


Title 


Company 


Street. 


City Zone. Stote 


permanent Mc genet handbook 
| 
. 
. 
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. 
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Stainless steel expansion joints 
for penstocks 24 feet in diameter 
are no easy job for the fabricator. 


It is a problem of fixturing, 
metallurgy and welding. 


Alert Steel Products Company 
took the job and 
were successful on the first try. 


Before beginning to tool up, 

Mr. Jules Davis, Alert’s President, 
called in the man 

who specializes in welding problems— 
the Lincoln Welding Engineer. 

The Lincoln man, Tom Farris, 
suggested submerged arc welding 
with a “‘Mechanized Squirt” 

18/8 wire and a special flux 

for welding stainless—ST-100. 


Then, Mr. Farris and Mr. Ed Klein, 
Alert’s Chief Engineer, 

planned the fixturing to give 

rigid support while welding. 


fabricated stainless 


by Submerged Arc Welding 


Result: On the first try 

the 10,000-pound ring 

(one-half of one joint) 

was welded in eight separate pieces, 
to give a total tolerance 

of 1/16-inch upon assembly. 


Tests found the weld structure perfect 
and analysis as predicted. 


If you have tough welding problems, 
call your Lincoln Welding Engineer, today! 


THE LINCOLN ELECTRIC COMPANY - Dept. 1302 Cleveland 17, Ohio Dee 


The World's Largest Manufacturer of Arc Welding Equipment = 
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MEASURING UNIT 


A. A thermocouple signal to a d’Arsonval galvanom- 
eter, the only moving part, moves the indicating 
pointer up scale. 


B. Aluminum vane adjusts the amount of light re- 
ceived by the photocell from the operating lamp. 


C. if operating lamp or photocell fails, output volt- 
age assumes a value equal to high temperature. 


Pyr-O-Voit has built-in voltage regulator to main- 
tain voltage within + 1% of level required for 
maximum operating stability. Spore operating 
lamp supplied. Thermocouple burnout protection 
optional. Available in horizontal and vertical case. 


CONTROL UNIT 


D. A one-stage magnetic amplifier amplifies small 
current from the photocell in the measuring unit. 
This is the only active electronic element in the 
controller. 


E. Pilot light goes out on line power failure. 


For your electric heating applications .. . 


Use this accurate, dependable 
Pyr-O-Volt* controller 


@ No tubes to wear out @ Voltage regulation 
@ Fail-safe design e Contactless, stepless control 


4 Here’s an accurate instrument for reliable stepless control of saturable 
i} reactors, r.f. generators and other power amplifiers. It has a proportional 
band adjustable from 2/3% to 5%, and a manual reset adjustment which 
shifts the control point over 100% of the proportional band. 


The Pyr-O-Volt controller can control saturable core reactors up to 100 
kva, if used with a Brown magnetic amplifier. You can also use this 
proportional output millivoltmeter-controller with the General Electric 
Reactrol**, and with the Westinghouse Furnatron.*** Complete packaged 
systems available. 


MAGNETIC AMPLIFIER 


Contact your nearby Honeywell field engineer for complete details. He’s 
as near as your phone. 


MINNEAPOLIS-HONEYWELL, Wayne and Windrim Avenues, Phila. 44, Pa. 


Minneapolis-Honeywell 
Regulator Co. 

**Tradename, General Electric Co. inst } WL 
***Tradename, Westinghouse Electric Corp. 
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FOR BETTER CHEMIGAL-MILLING 


ff? research\ 


experience 
= results: 


Chemichhmilling has comps6t,age. 
CMI's new service now 
enables you to have chemical milling’s 
flexibility with quality unsurpassed 
by any other process. The industry's 
finest engineers await your call... for 
research, consultation, or production. 


To receive the finest quality parts 
through improved production tech- 
niques —or to establish your own 
in-plant facilities—CMI's standards 
ensure your complete satisfaction. 


The greater flexibility inherent in 
chemical milling means a greater 
potential for you in the aviation and 
missiles market. And now you can take 
advantage of the first full range of ser- 
vices offered in chemical milling. A new 
brochure, “Better Chemical Milling 
Through Research” is available, with- 
out cost or obligation, to show you how 
you can profit from this new concept 

in service. Write for it today. 


research, consultation, 
production... 


CHEMICAL MILLING INTERNATIONAL CORPORATION 


1330 EAST FRANKLIN AVENUE 
EL SEGUNDO, CALIFORNIA 
EAstgate 2-5406 
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... Specify Vancoram Ferrochrome- Silicon ! From the complete series 

of Vancoram Ferrochrome-Silicon alloys, you can select a grade with a chromium-silicon con- 

tent ratio that is just right for the stainless or heat resistant steels, irons, or the other alloy 

products you melt. You can be sure you're specifying the best because these alloys, produced 
under the strictest quality control, are physically clean and uniform in quality. 


Besides providing an efficient method for adding chromium and silicon to the melt, Vancoram Ferrochrome-Silicon alloys 
are useful for the reduction of oxidized chromium in the slag. See your VCA representative or write for detailed informa- 
tion. Vanadium Corporation of America, 420 Lexington Avenue, New York 17, New York * Chicago + Cleveland 


* Detroit + Pittsburgh 
VANADIUM 
Producers of alloys, metals and chemicals Ce, CORPORATION 
OF AMERICA 
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But Only DETREX Can Supply You With the Best of All Three: 
Solvent — Equipment — Engineering 


Depend on DETREX for 

Every Metal Cleaning 

and Processing Need 

@ PERM-A-CLOR NA 
(Trichlorethylene) 

@ Solvent Degreasers 

@ Ultrasonic Equipment 

e@ Industrial Washers 

e Phosphate Coating Compounds 

e@ PAINTBOND Compounds 

e Aluminum Treating Compounds 

@ Alkali and Emulsion Cleaners 

@ Rust Proofing Materials 

@ Extrusion and Drawing Compounds 

Spray Booth Compounds 


When DETREX pioneered solvent degreasing and 
introduced PERM-A-CLOR, more than a quarter of a 
century ago, it completely revolutionized metal cleaning. 
Today's PERM-A-CLOR is the finest of trichlorethylene 
products — the result of years and years of testing 

and proving, in the laboratory and on the job. 


Combine PERM-A-CLOR with DETREX tailored-to- 
the-job equipment, and even greater efficiencies are 
realized. Operating costs are reduced, worker 
productivity is increased, more parts are cleaned 

per pound of solvent. 

Now add the DETREX engineering organization — 
men most qualified to analyze and appraise the 
efficiency of metal cleaning operations — and you have 
another important reason why PERM-A-CLOR users 
get the most for their solvent dollar. 


CHEMICAL INDUSTRIES, INC. 
Box 501, Dept. MP-109 Detroit 32, Michigan 


World’s Largest Exclusive Producer of Cleaning Chemicals and Equipment 
OCTOBER 1959 63 


| = 


Armco 17-7 PH is one of a family of Armco Precipitation- 
Hardening Stainless Steels developed to meet the exacting 
needs of space age technology. For springs it offers a unique 
combination of properties that make it especially useful 
in applications involving heat or corrosion, where ordinary 
spring materials don’t hold up. 


EXCELLENT ELASTIC PROPERTIES 


In tension, the elastic limit of 17-7 PH wire is approxi- 
mately 759% of ultimate tensile strength; in torsion, about 
55%. The figures in Table 1 give an idea of the excellence 
of these values. See table 2 for a comparison with 18-8 
stainless and music wire. Relaxation and torsional modulus 
values of 17-7 PH stainless hold at high levels even at 
temperatures up to about 650 F. 


TABLE 1 
Typical Room Temperature Properties 
of .052 to .061-inch 17-7 PH Wire 
CONDITION PROPERTIES 
uTS, 0.2% Yid.  Elong. Fatigue Str. * 
psi Str., psi in 2”,% % of Tens. Str. 
at 10’ Cycles 
Cc 250-280,000 230-260,000 _ 
“CH900 305-335,000 285-315000 24 36 
*Machined and polished surfaces 
TABLE 2 


Comparison of Typical Mechanical Properties 
of Armco 17-7 PH Condition CH 900 Wire, 18-8 
Spring Wire and Music Wire 


noe 17-7 PH 18-8 MUSIC WIRE 
Diameter, Inches Ultimate Tensile Strength, 1000 psi 
.030 320-350 280-310 340-365 
.093 279-309 230-260 285-305 
.148 256-286 201-231 263-280 
.192 252-282 185-215 252-267 
_ Diometer, Inches Max. Torsional Stress When Closed Solid, 1000 psi 
050 170 113 160 
100 160 100 140 
150 155 93 130 
200 150 87 — 


Advantages of 17-7 PH Stainless Steel 


For Springs in Severe Service 


Excellent elastic properties, strength at high temperatures, resistance to 
corrosion—all are combined in Armco 17-7 PH Stainless Steel wire to make 
it an outstanding material for springs operating under severe conditions. 


ARMCO STEEL 


CORROSION RESISTANCE 


Armco 17-7 PH Stainless Steel extends the dependability of 
springs beyond that of metals with comparable strength 
but inferior resistance to corrosion. In Condition CH 900, 
for example, the condition most widely used for wire prod- 
ucts, 17-7 PH resists corrosion as well as 18-8 full-hard 
temper stainless steel. Even in a marine atmosphere, 2 years’ 
exposure produces only superficial rusting. 


SPRING FABRICATION 


Availability of 17-7 PH round or flat wire, coils or straight 
lengths, and a wide range of sizes and conditions, makes it 
adaptable to the production of a great many kinds of springs. 

It’s workable as well. In Conditions C and CH 900, for 
example, 17-7 PH wire can be wrapped on its own diameter. 
However, because Condition C is more ductile, it is pre- 
ferred for spring coiling, especially on automatic machines. 

The low-temperature precipitation hardening of 17-7 PH 
after fabrication takes care of stress relieving too. No 
further heat treatment is required as with other harden- 
able spring materials. Thus a production operation is elimi- 
nated and the possibility of dimensional changes is avoided. 
Also, because no heavy scale is produced and because plating 
is not necessary, 17-7 PH springs are not exposed to hydro- 
gen-absorbing conditions. A very light pickle will remove 
heat tint. 


SEND COUPON FOR DATA 
For more information on Armco 17-7 PH Stainless Steel or 
its special precipitation hardening companion grades, 17-4 


PH and PH 15-7 Mo, just fill in and mail the coupon. 
There’s no obligation. 


ARMCO STEEL CORPORATION 
3099 Curtis Street, Middletown, Ohio 


Please send more data on: 
17-7 PH 17-4 PH PH 15-7 Mo 


— 

STREET___ — 


Armco Division + Sheffield Division * The National Supply Company + Armco Drainage & 
Metal Products, Inc. * The Armco International Corporation * Union Wire Rope Corporation 
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COBALT 60 AND THE MATADOR 


OCTOBER 1959 


Thiokol Chemical Corporation, Utah Division, chose Nuclear Systems’ 
Model 1060 Multitron with a 1,000 curie cobalt 60 source for routine 
radiography of the Matador engine. The radiographs obtained provide 
non-destructive testing information which has greatly increased the 
reliability of the rocket. This unit, along with several others, has been 
used continuously by Thiokol for the inspection of solid propellants 
for over a year. 

Nuclear Systems offers the most complete line of gamma radiog- 
raphy equipment for this and many other applications. 

Call our nearest sales office collect for more information. 


PHILADELPHIA ° CHICAGO ° SAN FRANCISCO 


NUCLEAR 


OF THE BUDD COMPANY, 


—TATNALL MEASURING AND NUCLEAR SYS 
HOLLINGER RD. TORONTO 16, ONT 
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How Ryerson helped Stainless buyer 
solve missile component problem 


Titanium stringers in stainless forged bars were recently 
creating a difficult problem for a manufacturer of mis- 
sile parts. This company’s first step in solving the 
problem: call in a Ryerson representative. 


Selection of the wrong type of stainless was found to 
be the cause of the trouble. The Ryerson man pointed 
out that stringers are inherent in Type 321 stainless 
then being used. He recommended switching to Type 
347 stainless. Result: the same stabilized corrosion 


resistance and strength—but no titanium stringers. 


This is just one more example of value-analysis team- 
work between manufacturers across the country 
and Ryerson specialists—a close association that in- 
creases the value of their metal-buying dollars. Put 
Ryerson on your value-analysis team. A discussion 
with your Ryerson I.V.B.M. specialist will show how 
you can get Increased Value in Buying Metals from 
Ryerson. 


RYERSON STEEL 


Joseph T. Ryerson & Son Inc., Member of the <Q 


Steel Family 


STEEL * ALUMINUM * PLASTICS * METALWORKING MACHINERY 
NATION'S MOST COMPLETE SERVICE CENTERS IN PRINCIPAL CITIES COAST TO COAST 
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Come to Chicago... 


A creat invustRiAL praMa will unfold the first week in November when 
management men and technical leaders of the metalworking industry gather in 
Chicago for the 41st National Metal Congress and Exposition. Six other societies 
are cooperating with the American Society for Metals to make this one of the 
most outstanding technical and engineering programs of recent years. In the 
Metal Exposition, more than 375 firms (p. 89) will demonstrate ways to make 
products better and cheaper. Visitors will be able to get information and locate 

. products on specific metalworking problems in the great, one-level exposition hall. 

More than 50 outstanding papers on the science of metals have been selected by 
the ASM Transactions Committee for presentation (digests of some of these start 
in p. 170). Woodside Memorial panel conferences will concentrate on engineer- 
ing developments with discussions on composite materials, refractory metals, 
explosive forming and other fabricating techniques. Two additional A.S.M. events 
are a seminar, set for Oct. 31 and Nov. 1, presenting 12 timely papers on Reso- 
nance and Metal Relaxation, and a two-day meeting, jointly planned with the 
Atomic Energy Commission, on rare earth metals. 

The fall meeting of the Metallurgical Society of A.I.M.E. will sponsor meetings 
for four days — Nov. 2 to 5. The Society for Nondestructive Testing has a full 
program which includes an educational clinic and other sessions on technical 
topics. The Ultrasonic Manufacturers Association (a newly cooperating group ) 
is sponsoring a session on ultrasonics in metalworking. The Metal Powder Indus- 
tries Federation, in cooperation with Powder Metallurgy Parts Manfacturers 
Association, will feature a clinic on parts. The Metal Treating Institute will con- 
duct a panel discussion on heat treating gears. The Metals Division of Special 
Libraries Association also has a special program planned. 

In the following pages a detailed program is arranged day by day to assist the 
visitor in choosing the features of most interest. To complement the events of 
metal month, the editors of Metal Progress bring you in this issue specially planned 
articles to help you do a better job in metal selection and production to meet 
rising costs in the metalworking industry. Built around the theme “Overcoming 
the Producibility Barrier”, features are presented in three parts: use of improved 
metal forming techniques (p. 97), more suitable selection of everyday metals 
(p. 129) and better use of atmospheres in heat treating and metal processing 
(p. 146). 

Come to the National Metal Congress and Exposition. Benefits will be in the 
form of greater knowledge of materials and manufacturing methods. You can 
use this information not only in the exotic applications for metals but also to im- 
prove the more prosaic things made of metals — like furnaces, machine tools, 
hardware and household appliances, automobiles and business machines. You 


can be sure your alert competitors will be there. 


CLARENCE H. Lonic, President 
AMERICAN SOCIETY FOR METALS 


National Metal Congress 


and Exposition 


Chicago, Oct. 31 through Nov. 6, 1959 


American Society for Metals Headquarters, Sherman Hotel 


Seminar on Resonance and Relaxation in Metals, Saturday and 
Sunday 

Technical Sessions, Monday morning through Thursday afternoon 

Metals Engineering Panel Discussions, Monday morning through 
Wednesday afternoon 

Symposium on the Rare Earths and Related Metals (in Cooperation 
With U. S. Atomic Energy Commission), Monday and Tuesday 

Honors and Awards Luncheon, Tuesday noon 

Annual Meeting and Campbell Memorial Lecture, Wednesday 
morning 

Annual Banquet, Thursday evening 

National Metal Exposition, Monday through Friday (Public Audi- 
torium ) 


Fall Meeting of the Metallurgical Society of A.I.M.E., 
Sponsored by the Institute of Metals Division Headquarters, 


Morrison Hotel 
Committee Meetings, Sunday through Thursday 
Technical Sessions, Monday morning through Thursday 
Powder Metallurgy Special Luncheon, Tuesday noon 
Annual Fall Dinner, Tuesday evening 


Society for Nondestructive Testing Headquarters, Hotel Hamilton 


Educational Clinic, Friday all day 

Technical Sessions, Monday through Thursday 

Annual Luncheon, Wednesday noon 

Annual Meeting and Lester Honor Lecture, Wednesday afternoon 


Metal Treating Institute (Jointly With ASM) 


Technical Session, Thursday afternoon 


Metal Powder Industries Federation and Powder 
Metallurgy Parts Manufacturers Association (Jointly With ASM) 


Technical Session, Wednesday afternoon 


Ultrasonic Manufacturers Association (Jointly With ASM) 


Technical Session, Thursday morning 


Special Libraries Association, Metals Division 
Headquarters, LaSalle Hotel 


Sessions and Inspection Trips, Thursday and Friday 
Banquet, Thursday evening 
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Complete programs, grouped by days, on following pages 


Saturday 
October 31, 1959 


9:00 A.M. Sherman Hotel 


Seminar on Resonance and Relaxation in Metals 


Acoustic and Magnetic Resonance 
By Arthur S. Nowick, International Business 
Machines Research Center 


Cycolotron Resonance in Metals 
By John K. Galt, Bell Telephone Laboratories 


Nuclear Resonance in Metals at Low Fields 
By Alfred G. Redfield, International Business 
Machines, Watson Laboratory 


2:00 P.M. Sherman Hotel 8:00 P.M. Sherman Hotel 


Seminar on Resonance and Relaxation in Metals 


Ferromagnetic Resonance Dislocation Relaxation at High Frequencies 
By Donald S. Rodbell, General Electric Re- By P. G. Bordoni, University of Pisa (Italy) 
search Laboratory 


Relation of Metallic Bonding to Elastic Constants 
By C. S Smith, Case Institute of Technology 


Sunday 
November 1, 1959 


9:00 A.M. Sherman Hotel 


2:00 P.M. Sherman Hotel 


and Relaxation in Metals 


Seminar on Resonance 


Elastic Internal Friction Effects in Crystals and Stress-Induced Atom Motion 
Dislocations By Charles A. West, University of Illinois 


By James S. Koehler, University of Illinois Interaction of Conduction Electrons and Acoustic 


Large Amplitude Effects and Fatigue Waves 
By W. P. Mason, Bell Telephone Laboratories By Donald F. Gibbons, Bell Telephone Lab- 
Investigation of Radiation Damage Using Acous- oratories 
tics Investigation of Metallurgical Phenomena Through 
By David K. Holmes, Oak Ridge National Lab- Elastic Constants 
oratories By John M. Sivertsen, University of Minnesota 
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Monday Morning 


Novembe ber 


9:00 A.M. Sherman Hotel 


959 


9:00 A.M. Sherman Hotel 


Steel—I 


Effect of Cold Work on Temper Brittleness 
By A. S. Keh and W. C. Porr, U.S. Steel Corp. 
Research Center 


Influence of Static Stress and Temperature on In- 
ternal Damping 
By J W. Clark and W. C. Hagel, General 
Electric Co. 


Correlation Between Internal Friction and Temper 
Brittleness in Steel 
By A. F. K. Kaddou and P. C. Rosenthal, Uni- 
versity of Wisconsin 
Gas-Metal Reactions During Box Annealing of 
Low-Carbon Steel 
By R. M. Hudson and G. L. Stragand, U.S. 
Steel Corp. Research Center 


Importance of Directionality in Drawing Quality 


Sheet Steel 


By R. L. Whiteley, Bethlehem Steel Co. 


Titanium 


Anomalous Effect of Hydrogen on the Mechani- 
cal Properties of Ti With 8% Mn 
By A. H. Fleitman, Crane Co. Engineering 
Division 


Supersaturation as a Factor in the Hydrogen Em- 
brittlement of Titanium Alloys 
By D. N. Williams, F. R. Schwartzberg and 
R. I. Jaffee, Battelle Memorial Institute 


Diffusion of Oxygen in Alpha and Beta Titanium 
By W. P. Roe, American Smelting and Refining 
Research Laboratories, H. R. Palmer, a 
Metals Corp. of America and W. R. Opie, Na- 
tional Lead Co. Research Laboratory 


9:00 A.M. Sherman Hotel 


Kinetics of Decomposition of Alpha Prime in a 
Ti-Cu Alloy 
By M. P. Gomez, Boeing Airplane Co. and 
D. H. Polonis, University of Washington 


Aging Behavior of the Alloy Ti, GAl, 4V 
By J. M Dupouy, M. B. Bever and B. L. 
Averbach, Massachusetts Institute of Tech- 
nology 


Corrosion Behavior of Titanium-Palladium Alloy 
By M. Stern and C. R. Bishop, Union Carbide 
Metals Co. 


First Metals Engineering Panel Conference on Composite Metals 


Precision and Specialty Composite Metals 
By J. J. Buchinski, Metals and Controls Divi- 
sion of Texas Instruments, Inc. 


Clad Metals 
By Louis K. Keay, 


9:00 A.M. Sherman Hotel 


Vacuum Coated Composites 
By Howard M. Farrow, NBC Equipment 
Corp., and Philip J. Clough, National Research 
Corp. 


Lukens Steel Co. 


ASM-AEC Symposium on the Rare Earths and Related Metals 
I—Occurrence and Extraction 


General Introduction 
By R. R. Nash, Division on Research, Atomic 
Energy Commission 


Historical Introduction 

By F. H. Spedding, lowa State University 
Chemistry of the Rare Earths 

By Therald Moeller, University of Illinois 


Occurrence and Strategic Supply 
By R. J. Anderson, Battelle Memorial Institute 


Separation by Fractional Crystallization 
By Howard E. Kremers, Lindsay Chemical Di- 
vision, American Potash and Chemical Co. 
Separation by Liquid-Liquid Extraction 
By D. F. Peppard, Argonne National Labora- 
tory 
Separation by lon Exchange 
By. J. E. Powell, lowa State University 
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9:00 A.M. Balicoom, Morrison Hotel 


Kinetics of Martensitic Transformations 
By Larry Kaufman, Manufacturing Labora- 
tories, Inc. 


Electron Beam Melting of Refractory Metals 
By Charles Hunt and H. R. Smith, Jr., Temes- 
cal Metallurgical Corp. 

Purification Reactions of Tantalum During Vac- 

uum Sintering 

By W. E. Klopp, D. J. Maykuth, H. B. Ogden 

and R. I. Jaffee, Battelle Memorial Institute 


Self-Diffusion in Alpha Iron 
By C. E. Birchenall and R. J. Borg, Princeton 
University 


Diffusivity of Hydrogen in Alpha Iron 
By D. C. Carmichael, Battelle Memorial Insti- 
tute, J. R. Hornaday, Jr., General Motors Corp., 
A. E. Morris, U.S. Bureau of Mines and N. A. 
Parlee, Purdue University 

Solubility and Diffusivity of Hydrogen in Iron 
By M. L. Hill and E. W. Johnson, Westing- 
house Electric Corp. 


Thermal Diffusion of Carbon in Alpha and Gam- 
ma Iron 
By Paul Shewmon, Carnegie Institute of Tech- 
nology 


Minnesota 


9:00 A.M. 


Progressive Solidification Study for Vacuum Cold 
Hearth Melting 
By J. H Kelley, G. Facaros and B. W. Swan- 
son, Westinghouse Electric Corp. 


Directional Freezing of Magnesium Alloys 
By A. S. Yue and J. B. Clark, Dow Chemical 
Co. 


Effects of Arc-Melting Conditions on Reactor- 
Grade Zirconium Alloy Ingots 

By J. H. Hart, Westinghouse Electric Corp. 
Use of Vibration in the Solidification of High- 
Temperature Alloys 

By L. M. Bianchi, J. H. Kelley and D. R. 

Carnahan, Westinghouse Electric Corp. 


OCTOBER 1959 


Kinetics of Phase Transformations—l 


9:00 A.M. Constitution Room, Morrison Hotel 


Symposium on Refractory Metals—I 


9:00 A.M. Cotillion Room, Morrison Hotel 


Research Abstracts on Diffusion 


Solute Diffusion in Liquid Tin 
By C. H. Ma and R. A. Swalin, University of 


Embassy Room, Morrison Hotel 


Research Abstracts on Metal Processing 


A New Method for Compacting Metal Powders 
Into Continuous Sections 

By Frank Emley and Charles Deibel, Westing- 
house Electric Corp. 


Kinetics of Ordering 
By L. R. Weisberg, Radio Corp. of America 
Kinetics of Precipitation 
By David Turnbull, General Electric Co. 


Shape Casting of Molybdenum 
By E. D. Calvert, S$. L) Ausmus and R. A 
Beall, U.S. Bureau of Mines 


Consumable Arc Melting of Columbium-Base Al- 
loys 
By T. L. Robertshaw and D. L. Keller, General 
Electric Co. 


Determinations of the Diffusion of Chromium by 
Autoradiographic Techniques 

By H. W. Paxton, Tatsuro Kunitake and E. J. 
Pasierb, Carnegie Institute of Technology 


Electron Microprobe Measurements of the Diffu- 
sion of Columbium 


By L. S. Birks and R. E. Seebold, U.S. Naval 
Research Laboratory 
Diffusion of Uranium and Aluminum-Silicon Eu- 
tectic Alloy 
By D. R. Green, General Electric Co. 
Prediction of Electric Mobilities in Molten Alloys 
By E. E. Hucke, University of Michigan 
The Theory of Self-Diffusion in Liquid Metals 
By R. A. Swalin, University of Minnesota 


An Effect of Ultrasonic Irradiation During Ingot 
Solidification 
By W. A. Tiller, D. H. Lane and J. W. Cun- 
ningham, Westinghouse Electric Corp. 
Melting Procedures as Related to Ingot Solidifica- 
tron 
By D. R. Carnahan and L. M. Bianchi, West- 
inghouse Electric Corp. 
An Investigation of Metal Spinning 
By S. Floreen, D. V. Ragone, E. E. Hucke aad 
W. Steurer, University of Michigan 
Determining the Drawing Quality of Sheet by 
the Hydraulic Bulge Tester 
By W. N. Lambert, E. 8. Madrzyk and F. E 
Gibson, Inland Steel Co. 
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Monday 
Morning 


9:00 A.M. Hotel Hamilton 


First Session on New Instrumentation and Techniques 


Product Reliability Through Nondestructive Test- 


ing 
By K. E. Cochran and H. T. Gruber, Battelle 
Memorial Institute 


Radioactive Magnetic Particle Inspection 
By Herbert E. Farmer, General Electric Co. 
Automatic Processing in Industrial Radiography 


By A. H. Allard and William D. Kiehle, East- 
man Kodak Co. 


Radiography With the Electron Linear Acceler- 
ator 


By Samuel A Wenk, Applied Radiation Corp. 
Report on “ADC”—a New Technique for Improv- 
img Accuracy of Eddy Current Flaw Detectors 

By Richard Hochschild, Metrol Inc. 


Field Distribution During Prod Magnetization 
By R. W. Gruetzmacher and Glenn O. Mc- 
Clurg, Magnaflux Corp. 


10:00 A.M. International Amphitheatre 


4lst Annual Metal Exposition Opens 


Monday Afternoon 
November 2, 1959 


2:00 P.M. Sherman Hotel 


High-Strength Steels 


Fatigue Properties of High-Strength Steels 
By H. E. Frankel and J. A. Bennett, National 
Bureau of Standards, and W. A. Pennington, 
University of Maryland 


Influence of Pre-Existing Sharp Cracks on Brittle 
Fracture of a Ni-Mo-V Forging Steel 
By E. T. Wessel, Westinghouse Electric Corp. 
Research Laboratories 


Effect of Deformation Prior to Transformation on 
the Mechanical Properties of 4340 Steel 
By E. B. Kula and J. M. Dhosi, Watertown 
Arsenal 


2:00 P.M. Sherman Hotel 


Dimensional Stability of a Precision Ball Bearing 
Material 


By E. B. Mikus, Convair Astronautics, J. M 
Gerty, T. J. Hughel and A. C. Knudsen, Gen- 
eral Motors Technical Center 
Strength of Martensite Formed From Cold 
Worked Austenite 
By J. C. syne. V. F. wc and D. J. 


Schmatz, Ford Motor Co. Scientific Laboratory 


Second Metals Engineering Panel Conference on Composite Metals 


eee Metal and Ceramic Composite Ma- 
terials 
By F. R. Shanley, University of California, 
Los Angeles 


Fiber Reinforced Metallic Composites 
By Robert W. Jech, National Aeronautics and 
Space Agency 


Metal Reinforced Ceramics 
By Joseph W. Chambers, Marquardt Aircraft 
Co. 


Vinyl-Coated Metals 
By Edward B. Osborne, B. F. Goodrich Chem- 
ical Co. 
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2:00 P.M. Sherman Hotel 
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A.S.M.-A.E.C. Symposium on the Rare Earths and Related Metals 


Non-Nuclear Applications to Magnesium 
By T. E. Leontis, Dow Chemical Co. 
Non-Nuclear Applications to Ferrous and Other 
Light Metals 
By John F. Collins, V. P. Calkins and J. A. 
McGurity, General Electric Aircraft Nuclear 
Propulsion Department 
Non-Nuclear Applications to Nonmetallic Items 
By Howard E. Kremers, Lindsay Chemical Di- 
vision, American Potash and Chemical Co. 


Close-Packed Ordered Structures in Binary AB; 
Alloys of Transition Elements 
By A. E. Dwight, Argonne National Labora- 
tory, and P. A Beck, University of Illinois 
Crystal Structure of MoNi, 
By Shozo Saito and P. A. Beck, University of 
Illinois 
Application of Gibbs-Duhem Equations to Multi- 
component Systems 
By N. A. Gokcen, University of Pennsylvania 


The Magnesium-Iron System 
By A. S. Yue, Dow Chemical Co. 


Uranium-Molybdenum Phase Diagram Below 
900° 


By A. E. Dwight, Argonne National Laboratory 


Transformations in Uranium-Fissium Alloys 
By S. T. Zegler and M. V. Nevitt, Argonne 
National Laboratory 


Research Abstracts on 


Effect of Stress on the Creep Rate of a Magnesium 

Crystal at 78 to 364° K. 
By Hans Conrad and L. Hays, Westinghouse 
Electric Corp. 

Origin of Tertiary Creep in an Aluminum Alloy 
By A. S. Nemy and F. N. Rhines, Thompson 
Ramo Wooldridge, Inc. 


Effect of Dilute Copper Alloying on Creep of 
Aluminum Single Crystals 
By D. Walton and L. Shepard, General Dy- 
namics Corp., and J. E. Dorn, University of 
California 
Creep of a Recrystallized Aluminum SAP-Type 
Alloy 
By G. S. Ansell and F. V. Lenel, Rensselaer 
Polytechnic Institute 
Creep-Rupture of Alloys Near Their Melting 
Temperatures 


By M. Korchynsky, Union Carbide Metals Co. 


Il—Applications of Metals and Compounds 


2:00 P.M. Embassy Room, Morrison Hotel 


Research Abstracts on Thermodynamic and Physical Properties of Metals 


2:00 P.M. Cotillion Room, Morrison Hotel 


Nuclear Applications 
By Kermit Anderson, Knolls Atomic Power 
Laboratory 


Analytical Chemistry of the Rare Earths 
By C. V. Banks, Ames Laboratory, lowa State 
University 

Analytical Spectroscopy of the Rare Earths 
By V. A. Fassel, Ames Laboratory, lowa State 
University 


Lattice Parameters of Zirconium-Oxygen Solid 
Solutions 
By B. D. Lichter, U.S. Air Force 


Lattice Expansion of Rhenium and Titanium 
By J. I. Medoff and I. Cadoff, New York Uni- 
versity 

Propagation of Sound in Liquid Hg-Tl Alloys 
By Gerald Abowitz and R. B. Gordon, Yale 
University 


Influence of Lattice Defects on Superconductivity 
of Tantalum 
By D. P. Seraphim, W. B. Ittner and D. T. 
Novick, International Business Machines Corp. 


Superconductivity of Dilute Interstitial Alloys of 
Tantalum with Hydrogen, Nitrogen and Oxygen 
By D. T. Novick, J] I. Budnick and D. P. 
Seraphim, : International Business Machines 
Corp. 


Creep and Fatigue 


Static and Fatigue Strength of Metals Subjected 
to Triaxial Stresses 


By William Lehrer and Harry Schwartzbart, 


Armour Research Foundation 


High-Temperature Fatigue in Air and Vacuum 
By G. J. Danek, Jr., and M. R. Achter, U.S. 
Naval Research Laboratory 


Crack Propagation in Air and Vacuum 
By R. J. Sherman and M. R. Achter, U.S. Naval 
Research Laboratory 
Damping and Fatigue Properties of High-Purity 
Aluminum 
By L. J. Demer, University of Arizona 
A Metaliographic Study of Fatigue in High-Purity 
Aluminum 
By L. J. Demer, University of Arizona 
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2:00 P.M. Constitution Room, Morrison Hotel 


Symposium on Refractory Metals—II 


Deformation of Zone-Melted Tungsten Single 
Crystals 
By H. W. Schadler, General Electric Co. 
Mechanical Properties of Tantalum Metal Con- 
solidated by Melting 
By M. Schussler, Union Carbide Metals Co. 
and J. S. Brunhouse, Aerojet-General Nu- 
cleonics 


Columbium-Oxygen Reactions from 450 to 1200° 


By T. L. Kolski and W. T. Hicke, E. 1. du 
Pont de Nemours and Co. 


Reaction of Pure Tantalum With Nitrogen, Oxy- 
gen and Air 
By W. M. Albrecht, W. D. Klopp, B. G. Kochi 
and R. I. Jaffee, Battelle Memorial Institute 


2:00 P.M. Ballroom, Morrison Hotel 


Kinetics of Phase Transformations—II—Research Abstracts 


A Variational Principle for the Description of 
Complex Metallurgical Transformations 
By J. S. Kirkaldy, McMaster University 


Further Studies of Zone Formation 
By H. Herman, M. E. Fine and C. Chiou, 
Northwestern University 

Aging Characteristics of Cu-Ti Alloys 
By G. T. Murray and J. B. Freeman, Materials 
Research Corp. 


Phase Transformations in Ni-Ti-Al Alloys 
By R. F. Decker and J. R. Mihalisin, Inter- 
national Nickel Co., Inc. 


Thermal Stability of Precipitation-Hardened and 

Dispersion-Hardened Nickel-Base Alloys 
By D. H. Feisel and Alexander Cochard, Re- 
search Laboratories, Westinghouse Electric 
Corp. 

Transformation Kinetics of Alpha, Beta, and Gam- 


ma Plutonium 
By R. D. Nelson, General Electric Co. 


Hardening by Internal Oxidation as a Function 
of Velocity of the Oxidation Boundary 
By J. L. Meijering, Philips Research Labora- 
tories 
Growth Rate of Bainite 
By G. R. Speich, U.S. Steel Corp., and Morris 
Cohen, Massachusetts Institute of Technology 


Influence of Solution Annealing Treatment Upon 
Transformation Kinetics in Ti-Cr Alloys 
By H. I. Aaronson, Ford Motor Co. 


Effect of Stresses on the Ordering Transformation 
in Au-Cu Alloy 
By G. C. Kuczynski and A. Freda, University 
of Notre Dame 
Hall Coefficient Changes During Ordering of 
CusAu 
By A. R. Von Neida and R. G. Gordon, Yale 


University 


2:00 P.M. Hotel Hamilton 


Second Session on New Instrumentation and Techniques 


Use of Beta X-Ray in Nondestructive Testing 
By Warren J. McGonnagle, Argonne National 
Laboratory 

Portable Spectrograph 
By David C. Miller, Philips Electronics, Inc. 

Radiography With Kilocurie Cobalt-60 Sources 
By J. A. Reynolds and M. R. Rosumny, Picker 
X-Ray Corp. 


Frequency Dependent Effects in Ultrasonic Reso- 
nance Testing 
By Robert V. Harris and John E. 
Branson Instruments, Inc. 


Bobbin, 


Utilization of Electrical Conductivity as a Non- 
destructive Tool 
By Leonard M. Taussig, Taussig Associates 
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Tuesday Morning | 
November 3, 1959 |” 


9 :00 A. M. Sherman Hotel 


Steel — II 


Effect of Austenitizing, Tempering and Micro- 

structure on the Properties of a Cr-Mo-V Steel 
By F. E. Werner, T. W. Eichelberger, and 
E. K. Hann, Westinghouse Electric Corp. 


Effect of Cooling Rate From Ms to Room Tem- 
perature on Magnetic Properties of 3.5% Chro- 
mium Magnet Steel 
By W. L. Hodapp, Crucible Steel Co. Sander- 
son-Halecomb Works, and E. A. Loria, Climax 
Molybdenum Co. of Pa. 


Properties of Copper-Bearing Low-Carbon 
Stee 


By G. W. Bush, Pennsylvania State Unive rsity, 
and R. W. Lindsay, Crucible Steel Co. Central 
Research Laboratory 


Retained Austenite in Precipitation Hardening 
Stainless Steels 
By G. Krauss, Jr., and B. L. Averbach, Massa- 
chusetts Institute of Technology 


Effect of Small Columbium Additions to Semi- 
killed Medium-Carbon Steels 


By C. A. Beiser, Union Carbide Metals Co. 


9:00 A.M. Sherman Hotel 


Creep and Deformation 


Effect of Stress on the Creep of Aluminum in the 
Dislocation Climb Range 
By A. Bayce, W. D. Ludemann, L. A. Shepard 
and J. E. Dorn, Institute of Engineering Re- 
search, University of California 


Deformation of the Hard-Ductile Two-Phase Alloy 
System WC 
By C. Nishimatsu and J. Gurland, Brown Uni- 
versity 


9:00 A.M. Sherman Hotel 


Directional Grain Structures for High-Tempera- 
ture Strength 
By F. L. VerSynder and R. W. Guard, General 
Electric Co. Research Laboratory 


Activation Energies for Creep of an Alpha Solid 
Solution of Magnesium in Aluminum 
By N. R. Borch, L. A. Shepard and J. E. Dorn, 
Institute of Engineering Research, University 
of California 


First Metals Engineering Panel Conference on Explosive Forming 


Principles and Future of Explosive Forming 
By S. J. Porter, Consultant 


Adapting Explosive Forming to Production 
By John J. Kelly, Stanford Research Institute 


Dies, Explosives and Energy Transmittal 
By C. O. Williams, Olin Mathieson Chemical 


Corp. 


9:00 A.M. Sherman Hotel 


A.S.M.-A.E.C. Symposium on the Rare Earths and Related Metals 
Ill — Preparation of Rare Earth Metals 


Metal Production From Fluorides 
By O. N. Carlson and F. Schmidt, Ames Labo- 
ratory, lowa State University 
Metal Production From Chlorides, Bromides and 
lodides 
By F. E. Block, Albany (Oregon) Station, U.S. 
Bureau of Mines 


Metallothermic Preparation of Rare Earth Metals 
By A. H. Daane, Ames Laboratory, lowa State 
University 


Metallothermic Preparation of Yttrium 
By O. N. Carlson, Ames Laboratory, lowa State 
University 

Electrolytic Preparation 
By E. Morrice and R. G. Knickerbocker, Reno 
Station, U.S. Bureau of Mines 

Refining and Purification of Rare Earth Metals 


By C. L. Huffine and J. M. Williams, General 
Electric Co., Aircraft Nuclear Propulsion Dept. 


Mechanical Fabrication of Rare Earth Metals 
By Karl M. Bohlander, General Electric Co., 
Aircraft Nuclear Propulsion Dept. 


OCTOBER 1959 


‘ 
75 


9:00 A.M. Ballroom, Morrison Hotel 


Mechanical Properties of Nonmetals — I 
Mechanical Properties of Covalent Crystals Mechanical Properties of Polymeric Materials 
By J. N. Hobstetter, University of Pennsylvania By T. G. Fox, Melon Institute 


Mechanical Properties of Ionic Crystals 
By J. J. Gilman, General Electric Co. 


9:00 A.M. Constitution Room, Morrison Hotel 


Symposium: Titanium Versus Steel — I 


Introduction Titanium in Airframes 


By W. J. Harris, Jr., Materials Advisory Board, By E. A. Simkovich, Republic Aviation Corp. 
National Academy of Sciences 


Steel in Airframes 
The General Case for Titanium By E. A. Green, Lockheed Aircraft Co. 
By W. W. Minkler, Titanium Metals Corp. Titanium in Jet Engines 


The General Case for Steel By G. J. Wile, General Electric Co. 
By R. B. Gunia, United States Steel Corp. 


Steel in Jet Engines 
By Ralph Patsfall, General Electric Co. 


9:00 A.M. Cotillion Room, Morrison Hotel 


Recent Advances in Steelmaking — I 
(Program not definitely formulated at press time) 


9:00 A.M. Embassy Room, Morrison Hotel 


Symposium on Refractory Metals — I 


Tin Reduction of Molybdenite Tantalum Metal by Selective Solution 
By A. D. Abraham and Charles Kray, Oregon By R. L. Baughman and D. F. Taylor, Fansteel 
Metallurgical Corp., and H. G. Poole, Colorado Metallurgical Corp. 


School of Mines Production snd Purification of High-Purity Haf- 


Molybdenum by Direct Thermal Dissociation of nium 
2 By D. S. Fairgrieve and J. W. Fortner, Wah 
By W. G. Scholz, D. V. Doane and G. A. Tim- Chang Corp. 


mons, Climax Molybdenum Co. of Michigan 


9:00 A.M. Hotel Hamilton 


Panel Discussion on Nondestructive Testing Correlated With Fatigue Testing 


Establishing Acceptance Standards Through Rig Analytical Approach to the Study of the Effect of 


Testing Small Cavities on Fatigue Strength 
By F. Nixon, Rolls-Royce Ltd. (Derby, Eng- By R. E. Peterson, Westinghouse Electric 
land) Corp. Research Laboratories 


Panelists: H. N. Hill and I. D. Eaton, Alumi- 
num Co. of America 


Tuesday 
Noon 


12:00 M. Grand Ballroom, Sherman Hotel 


Annual Awards Luncheon 
12:15 P.M. Hollywood Room, Morrison Hotel 


Powder Metallurgy Special Luncheon 
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Tuesday Afternoon 
November 3, 1959 


2:00 P.M. Sherman Hotel 


Second Metals Engineering Panel Conference on Explosive Forming 


Applicability and Range of Applications of the 


Process 


Panelists: 


Floyd Cox, Ryan Aeronautical Co. 

Joseph L. Bird, Nitroform, Inc. 

Glen Rardin, Lockheed Aircraft Co. 

John Rinehart, Colorado School of Mines 
John Pearson, China Lake Naval Ordnance 


Test Station 


2:00 P.M. Sherman Hotel 


Physical Metallurgy 


Relationship Between State of Aging and Notch- 
Fatigue Performance of a High-Strength Alumi- 
num Alloy 

By G. W. Form, Case Institute of Technology 
Precipitation Process in Cu-Cr Alloys 

By R. O. Williams, Cincinnati Milling Machine 

Co. 
Effect of Trace Elements on the Tensile, Electrical 
Resistance, and Recrystallization Properties of 
High-Purity Nickel 

By K. M. Olsen, Bell Telephone Laboratories 

Substructure 


Characteristics of 


Thermal and Electrical Conductivities of Ductile 
Cast Iron and Several Gray Cast Irons 
By J. H. Brophy, Massachusetts Institute of 
Technology, and M. J. Sinnott, University of 
Michigan 
Aluminum-Copper Composites Prepared by Solid- 
State Bonding 
By J. M. Williams, Aircraft Nuclear Propul- 
sion Dept., General Electric Co., and M. B. 
Bever, Massachusetts Institute of Technology 


Fine-Grained 


Metals and Alloys Disclosed by X-Ray Reflection 
Microscopy and Diffraction Analysis 
By S. Weissmann, Rutgers University 


2:00 P.M. Sherman Hotel 


A.S.M.-A.E.C. Symposium on the Rare Earths and Related Metals 
IV — Properties of the Metals and Their Alloys 


Physical Properties of the Rare Earth Metals 
By A. H. Daane, Ames Laboratory, lowa 
State University 

Crystallography of the Rare Earth Metals 
By K. A. Gschneidner, Los Alamos Scientific 
Laboratory 

Metallography of the Rare Earth Metals 
By B. Love, Research Chemicals Co. 


Phase Diagrams 
By C. E. Lundin, Denver Research Institute 
Principles of Alloying Behavior 
By | T. Waber and K. A. Gschneidner, Los 
Alamos Scientific Laboratory 
Mechanical Properties of Rare Earth Metals 
By C. R. Simmons, General Electric Co., 
Aircraft Nuclear Propulsion Dept. 


2:00 P.M. Constitution Room, Morrison Hotel 


Symposium: Titanium Versus Steel — II 


Titanium for Pressure Bottles 

By A. Hurlich, General Dynamics Corp. 
Steel for Pressure Bottles 

By J. F. Baisch, Boeing Airplane Co. 
Titanium for Solid Fuel Motor Cases 

By H. Hanink, Wright Aeronautical Corp. 


OCTOBER 1959 


Steel for Solid Fuel Motor Cases 
By D. K. Hanink, General Motors Corp. 


Titanium for Marine and Chemical Plant 
By G. R. Prescott, C. F. Braun and Co. 


Other Materials for Marine and Chemical Plant 
By F. W. Fink, Battelle Memorial Institute 
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2:00 P.M. Ballroom, Morrison Hotel 


Dislocation Multiplication in LiF Crystals 
By W. G. Johnston and J. J. Gilman, General 
Electric Co. 

Dislocations in Indented Mg-O Crystals 
By A. S. Keh, United States Steel Corp. 

Dislocation Arrangements in NaCl Single Crystals 
By C. L. Bauer and R. B. Gordon, Yale Uni- 
versity 

Embrittlement of NaCl by Surface Compounds 
By W. Class, E. 8S. Machlin and G. T. Murray, 
Materials Research Corp. 

Electrical Resistivity of Boron and Some Boron- 

Phosphorus Alloys 
By E. S. Greiner, Bell Telephone Labora- 
tories 

Kinetics of Sintering of NaCl in an Inert Gas 

By J. B. Moser and D. H. Whitmore, North- 

western University 


2:00 P.M. 


High-Purity Single Crystals of Indium Antimonide 
By S. E. Miller and W. P. Allred, Battelle 
Memorial Institute 

Zone Refining of Reactor Metals 

By G. E. Spangler, M. Herman, J. L. Ruther- 

ford and R. L. Smith, Franklin Institute 


2:00 P.M. Hotel Hamilton 
Automatic Inspection of Jet Rotors 


By H. E. Van Valkenburg, Sperry Products, 
Inc. 


Radiographic of Sealed Electronic 
Components 

By Leslie T. Hahn, Convair 
Nondestructive Testing of Large Solid Propellant, 
Case Bonded Rocket Motors 
By J. H. Cusick, U. S. Naval Ammunition 
Depot, Concord, Calif. 


Inspection 


Tuesday 
Evening 


Properties of Nonmetals — II — Research Abstracts 


2:00 P.M. Cotillion Room, Morrison Hotel 


Recent Advances in Steelmaking — II 
(Program not formulated at press time) 


Embassy Room, Morrison Hotel 


Refining of Pure Metals 


First Session on Component Reliability 


6:30 P.M. Ballroom, Morrison Hotel 


A.I.M.E. Cocktail Party and Dinner 


Effect of Grain Size on Deformation of Polycrys- 
talline AgCl 


By R. D. Carnahan, T. L. Johnston, R. J. Stokes 
and C. H. Li, Mineapolis-Honeywell Regulator 
Co. 
Diffusion of Lead in Single Crystals of Lead 
Selenide 
By Martin Seltzer and J. B. Wagner, Jr., Yale 
University 
Diffusion of Lead in Single Crystals of Lead 
Sulphide 
By George Simkovich and J. B. Wagner, Jr., 
Yale University 
Stress-Strain Characteristics of Lithium Fluoride 
Single Crystals 
By W. L. Phillips, Jr. E. 1. du 
Nemours and Co., Inc. 


Pont de 


Floating-Zone Refining of Heavy Metals Using 
Electron Beam 


By W. P. Allred and R. C. Himes, Battelle 
Memorial Institute 


Glueline Thickness Measurements by Eddy Cur- 
rent Inspection 
By Leo L. Soffa, Northrup Corp. 
An Evaluation of Coating Thickness 
Methods 
By Clifford L. Gough, Perfect Circle Corp. 
Propellant Inspection by High Voltage Radiation 
By D. Polansky, E. L. Criscuolo, and J. A. 
Holloway, Naval Ordnance Laboratory 


Testing 
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Wednesday Morning 
November 4, 1959 


9:00 A.M. Sherman Hotel 
A.S.M. Annual Meeting 
Campbell Memorial Lecture 


The Role of Hydrogen and Other Interstitials on 
the Mechanical Behavior of Metals 
By A. R. Troiano, Case Institute of Technology 


9:00 A.M. Ballroom, Morrison Hotel 


Symposium on Irradiation of Fuel and Fuel Elements — I 


Nature of Fission Damage 
By J. A. Brinkman, Atomics International Di- 
vision of North American Aviation, Inc. 
Variables Affecting the In-Pile Behavior of Fuel 
Materials 
By H. J. Levinstein and R. H. Fillnow, Bettis 
Atomic Power Division, Westinghouse Electric 
Corp. 
Swelling and Fission Gas Agglomeration in Metal 
Fuels 
By A. T. Churchman, Central Electricity Gen- 
erating Board (London, England ) 
Nature of Inert Gas Agglomeration and Swelling 
in Metals 
By R. S. Barnes, Atomic Energy Research Es- 
tablishment (Harwell, England ) 


Operational Performance of Bonded and Un 
bonded Uranium Fuel Rods 
By T. T. Claudson, G. T. Geering, J. W. Gof- 
fard and J. E. Minor, Hanford Atomics Prod- 
ucts Operation, General Electric Co. 
Irradiation Behavior of U-FS and U-Pu-FS Fast 
Reactor Fuels 
By J. A. Horak and J. H. Kittel, Argonne 
National Laboratory 
Irradiation Behavior of U-Cb and U-Cb-Zr Alloys 
By R. H. Fillnow, F. E. Card, D. E. Thomas, 
S. B. McRickard and H. J. Levinstein, Bettis 
Atomic Power Division, Westinghouse Elec- 
tric Corp. 
Crystallographic Study of Radiation-Induced Re- 
covery in Cold Worked Uranium 
By D. Tardivon 


9:00 A.M. Constitution Room, Morrison Hotel 


Surfaces and Quantitative Metallography 


Thermal Etching of Silicon Iron 
By D. S. Hutton and W. C. Leslie, U.S. Steel 
Corp. 
Theory of Lateral Facet Growth by Surface Dif- 
fusion 
By W. W. 
Corp. 
Relative Energies of Tilt-Type Sub-Boundaries in 
Aluminum 
By K. T. Aust, General Electric Co. 


Mullins, Westinghouse Electric 


Influence of Surface Intersections on Crystal 
Growth From the Melt 
By W. A. Tiller and G. F. Bolling, Westing- 
house Electric Corp. 
Quantitative Metallography for Volume-Fraction 
Analysis 
By J. E. Hilliard and J. W. Cahn, General 
Electric Co. 


Evidence of an Ordered Metastable Phase in Au- 
Ni Alloys 
By J. R. Cost and C. A. Wert, University of 
Illinois 
Electrical Resistivity of Cu-Fe Alloys After Plastic 
Deformation 
By Alvin Boltax, Nuclear Metals Inc. 


Criteria for Yielding of Dispersion-Strengthened 
Alloys 


By G. S. Ansell and F. V. Lenel, Rensselaer 
Polytechnic Institute 


Effect of Hydrogen and Other Variables on Ther- 
mal Stability of Titanium High in Aluminum 


By S. R. Seagle and Stanley Abkowitz, Mallory- 
Sharon Metals Co. 
Stabilization of Certain Ti.Ni-Type Phases by 
Oxygen 
By M. V. Nevitt, Argonne National Labora- 
tory 
The Ti-TiO-ZrO.-Zr System 
By Michael Hoch, R. L. Dean and S. M. 
Wolosin, University of Cincinnati 


9:00 A.M. Hotel Hamilton 


Second Session on 


Automatic Cladding Thickness and Bonding 
Tester for Reactor Fuel Elements 
By David O. Hunter, Hanford Atomic Prod- 
ucts Operation 
Inductive Thermometry 
By Hugo L. Libby, Hanford Atomic Products 
Operation 
Studies in Broadband Eddy Current Testing 
By Ilugo L. Libby, Hanford Atomic Products 
Operation 


Wednesday 
Noon 


9:00 A.M. Cotillion Room, Morrison Hotel 


Research Abstracts on Precipitation and Dispersion Hardening 


9:00 A.M. Embassy Room, Morrison Hotel 


Titanium — III — Research Abstracts 


University Alumni Luncheons 


‘The 1959 Luncheon Hotel Hamilton 


Address on “Nondestructive Testing in Medicine” 
By Charles O. Bechtol, M.D. 


Dispersed Particle Hardening of Al-Cu Single 

Crystals 
By D. Dew-Hughes, International Business 
Machines Corp., and W. D. Robertson, Yale 
University 

Mechanism of Hardening in Aged Al-Cu Alloys 
By D. Dew-Hughes, International Business 
Machines Corp., and W. R. Robertson, Yale 
University 

Strengthening by Precipitates in Al-Cu Alloys 

By J. G. Byrne, A. Kelly and M. E. Fine, 

Northwestern University 


Effect of Rare Earth Additions on the Transition 
Temperature and Lattice Parameter of Alpha 
Titanium 
By C. G. Kirkpatrick, Bernard Love and Virgil 
Novy, North American Aviation, Inc. 
A Mold Material for Titanium Castings 
By A. R. C. Westwood, RIAS 
Vacuum Arc Melting and Casting of Titanium 
By B. W. Huber and E. J. Chapin, U. S. 
Naval Research Laboratory 


Component Reliability 


A Through Transmission System Using Pulsed 
Eddy Currents 


By C. J. Renken, Argonne National Labora- 
tory 


Automatic Particle Size Determination for Mi- 
croradiographs 


By William Distler and Valmore Reshenk, 
Lawrence Radiation Laboratory, and Gordon 
Miller, Sandia Corp. 
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2:00 P.M. Sherman Hotel 


Mechanical Working 


Effect of Rolling Variables on the Hot Rolling of 
Titanium and Titanium Alloys 
By F. R. Larson and J. Nunes, Watertown 
Arsenal 


Effect of Initial Increments of Hot Working on 
the Mechanical Properties of Certain Ferrous 
Materials 
By H. J. Wagner, Battelle Memorial Institute, 
and J. W. Spretnak, Ohio State University 


The Thermo-Mechanical Method for Relieving 

Residual Quenching Stresses in Aluminum Alloys 
By H. N. Hill, R. S. Barker and L. A. Willey, 
Alcoa Research Laboratories 


Calculation of Rolling Forces Using the Orowan 
Theory 
By J. E. Hockett, Los Alamos Scientific Labora- 
tory 


Effect of Selenium on the Machinability and 
Tensile Properties of 5% Cr Steel 
By F. W. Boulger, Battelle Memorial Institute 


2:00 P.M. Sherman Hotel 


Metals Engineering Panel Conference on Refractory Metals 


Beryllium 

By N. W. Bass, Brush Beryllium Co. 
Vanadium 

By T. W. Merrill, Vanadium Corp of America 


2:00 P.M. Sherman Hotel 


Columbium 
By Ralph H. Hiltz, Tapco Group, Thompson 
Ramo Wooldridge Inc. 


Metal Powder Industries Federation in Cooperation With 
Powder Metallurgy Parts Manufacturers Assoc. 


Powder Metallurgy Clinic—Advantages, Limita- 


tions, Applications 


Case Histories of Parts 


Principles of Powder Metallurgy ( Movie) 


Panel Discussion 


2:00 P.M. Constitution Room, Morrison Hotel 


Research Abstracts on Plasticity and Strength of Single Phases 


Effect of Quenching on Mechanical Properties of 
Molybdenum 


By W. Liebmann and Robert Maddin, Univer- 
sity of Pennsylvania 
Structure, Formation and Properties of Chromium 
Filaments 
By S. T. Wlodek, W. W. Webb and W. D. 
Forgeng, Union Carbide Metals Co. 
Tensile Deformation of Aluminum Single Crystals 
at Low Temperatures 
By W. F. Hosford, Jr., R. L. Fleischer and 
W. A. Backofen, Massachusetts Institute of 
Technology 
Mechanism of Deformation Leading to Tensile 
Fracture of Aluminum and Copper 
By W. D. Sylwestrowicz, Bell Telephone Labo- 
ratories 


OCTOBER 1959 


The Hedge Mechanism for Work Hardening 
By U. F. Kocks, Harvard University 
Strain Aging in Ag-Al Alloys 
By A. A. Hendricksen and M. E. Fine, North- 
western University 
Yield Point Phenomena in Commercial Copper 
Alloys and One Nickel-Base Alloy 
By V. A. Phillips, General Electric Co., and 
R. B. Jones, Sheffield University, (England) 
Solution Hardening by Interaction of Impurity 
Gradients and Dislocations 
By R. L. Fleischer, Massachusetts Institute of 
Technology 


Deformation Characteristics of Mo-Re Alloy 
By Alan Lawley and Robert Maddin, University 
of. Pennsylvania 
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2:00 P.M. Ballroom, Morrison Hotel 


Symposium on Effects of Irradiation on Fuel and Fuel Elements — Il 


Irradiation Behavior of UO, Fuel Elements 
By J. A. L. Robertson, A. S. Bain, G. M. 
Allison and W. H. Stevens, Atomic Energy of 
Canada Ltd. 

Swelling of UO, at High Burnup 
By W. K. Barney, Knolls Atomic Power Labo- 
ratory, General Electric Co. 

Irradiation Testing of Plutonium-Uranium Oxide 

Nuclear Fuel 
By J. L. Bates and W. E. Roake, Hanford 
Atomic Products Operation, General Electric 
Co. 


Effect of Radiation on Massive Uranium Carbide 
By H. Pearlman, Atomics International Divi- 
sion of North American Aviation, Inc. 

Irradiation Behavior of ThO.-UO, Fuels 

By L. A. Neimark and J. H. Kittel, Argonne 


National Laboratory 


Release of Fission Products From Fueled Graphite 
By W. C. Riley, D. N. Sunderman and B. W. 
Dunnington, Battelle Memorial Institute 


2:00 P.M. Cotillion Room, Morrison Hotel 


Refractory Metals — Il — Research Abstracts 


Fatigue and Tensile Properties of Columbium at 
Elevated Temperatures 
By J. F. Enrietto, G. M. Sinclair and C. A. 
Wert, University of linois 
Alloy Strengthening of Columbium 
By W. F. Sheely, Union Carbide Metals Co. 
Strengths of Some Columbium-Base Alloys 
By W. H. Chang, General Electric Co. 
Effect of Prestrain and Polygonization on Creep 
of Molybdenum 
By A. Iannucci, J. Intrater and Sheldon Weinig, 
Materials Research Corp. 
Refractory Metal Thermocouples 
By J. C. Lachman, Aircraft Nuclear Propul- 
sion Dept., General Electric Co. 
Elevated Temperature Strength of Tungsten 
By G. H. Keith and E. F. Vandergrift, West- 
inghouse Electric Corp. 


Physical and Mechanical State of Compacted 
Tungsten Powders as a Function of Pressing Rate, 
Particle Size Distribution and Impurities 

By H. G. Sell, Westinghouse Electric Corp. 
Mechanical Properties of Tungsten Wire 

By A. J. Opinsky, Sylvania Electric Products, 

Inc. 
Mechanical Properties of Tungsten 

By E. L. Harmon, Union Carbide Metals Co. 


Properties of Slip-Cast Tungsten 
By G. Reinhardt and F. R. Charvat, Union 
Carbide Metals Co. 
Determination of Latent Heats of Impurities 
Which Undergo Phase Transformations When 
Tungsten Powder Compacts are Sintered 
By H. G. Sell, Westinghouse Electric Corp. 


2:00 P.M. Embassy Room, Morrison Hotel 


Research Abstracts on Oxidation and Reduction 


Thermodynamic Properties of Titanium-Oxygen, 
Zirconium-Oxygen, and Hafnium-Oxygen Alloys 
By K. L. Komarek, New York University 
Oxidation of Iron in CO-CO, Atmospheres 
By W. M. Smeltzer, McMaster University 
Mechanism of Oxidation of Iron in CO-CO, 
Mixtures 
By Frederick Pettit, Robert Yinger and J. B. 
Wagner, Jr., Yale University 
Oxidation of Ni-Rich Cu-Ni Alloys 
By J. A. Sartell and C. H. Li, Minneapolis- 
Honeywell Regulator Co. 
Oxidation Characteristics of Columbium Alloys 
Containing W, Mo, Ti, and Al 
By W. H. Chang, General Electric Co. 


Dispersed Phase Alloys of Aluminum and of 
Silver 
By H. R. Peiffer, RIAS 
Equilibrium Study of Magnesium Reduction of 
Uranium Dioxide in Bismuth Matrix 
By R. E. Balzhiser, E. E Hucke and D. V. 
Ragone, University of Michigan 
Effect of Arsenic on the Reduction of Tungstic 
Oxide 
By J. M. Laferty, Jr., Sylvania Electric Prod- 
ucts, Inc. 
Fffect of Impurities on the Reduction of Tungstic 
Oxide 
By P. C. Fisher, Jr. and J. M. Laferty, Jr., Sy'- 


vania Electric Products, Inc. 


2:15 P.M. Hotel Hamilton 


Annual Meeting and Honor Session 
The Lester Lecture 


The Nondestructive Testing Engineer—Today’s 
Career Opportunity 
By Carl E. Betz, Magnaflux Corp. 


Presentation of the DeForest and the Coolidge 
Awards 


Annual Business Meeting of the Society 
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Thursday Morning 
November 5, 1959 


9:00 A.M. Sherman Hotel 


Nuclear Metals 


High-Strength Zirconium Alloys 
By RK. Wagner and H. E. Kline Atomics 
International 
Effect of Uranium Hydride Distribution and 
Recrystallization on the Tensile Properties of 
Uranium 
By H. R. Gardner and J. W. Riches, General 
Electric Co. 
Textures in Extruded Uranium 
By R. B. Russell, Nuclear Metals, Inc. 


9:00 A.M. Sherman Hotel 


Transformation Kinetics and Mechanical Proper- 
ties of Uranium with 0.5% Cb and 0.5% Mo 
By E. G. Zukas, Los Alamos Scientific Labo- 
ratory 
Metallographic Study of Stringers in Zircaloy-2 
Melted in Inert Atmosphere 
By J. D. Grozier, L. S. Rubenstein and J. G. 
Goodwin, Westinghouse Electric Corp. 


Austenitic Alloys 


Some Metallurgical Factors Affecting Stress- 
Corrosion Cracking of Austenitic Stainless Steels 
By H. H. Uhlig, Massachusetts Institute of 
Technology, and R. A. White, Standard Oil 
Co. of Calif. 
Tensile and Yield Strength of Cr-Mn-N Steels at 
Low Temperatures 
By J. C. Shyne, F. W. Schaller and V. F. 
Zackay, Ford Motor Co. Scientific Laboratory 
Effect of Interstitial Carbon Plus Nitrogen and 
Precipitation Reactions on the Properties of 
Austenitic Cr-Mn-C-N Steels 
By C. M. Hsiao, Peking Institute of Iron and 
Steel (Peking, China), and E. J Dulis, Cru- 
cible Steel Co. of America 


9:00 A.M. Grand Ballroom, Sherman Hotel 


The Role of Boron in Cast Austenitic Alloys 
By R. W. Kraft, Jr., United Aircraft Corp., and 
R. A. Flinn University of Michigan 
Structure and Properties of Austenitic Alloys 
Containing Aluminum and Silicon 
By D. J. Schmatz, Ford Motor Co. Scientific 
Laboratory 


Ferromagnetic Cobalt-Base 
Alloy 
By A. Cochardt, Westinghouse Electric Corp. 
Research Laboratories 


High-Temperature 


Today’s Uses of Ultrasonics 


Ultrasonic Cleaning 
By H. F. Osterman, Branson Ultrasonic Corp., 
and Stanley R. Rich, General Ultrasonics Co. 
Ultrasonic Processing 
By Paul M. Platzman, Narda_ Ultrasonics 
Corp., and Thomas J. Bulat, Pioneer-Central 
Div., Bendix Aviation Corp. 


9:00 A.M. Ballroom, Morrison Hotel 


Ultrasonic Drilling, Machining and Grinding 
By Harvey B. Foulkes, Jr., Cavitron Equip- 
ment Corp., and Paul A. Sorensen, Raytheon 
Manufacturing Co. 

Ultrasonic Welding, Soldering and Brazing 
By William C. Potthoff, Aeroprojects, Inc. 


Melting and Casting of Nonferrous Metals —1— Current Practices 


Melting and Casting of Zinc at Trail, B. C. 
By J. M. Buchanan, Consolidated Mining and 
Smelting Co. of Canada, Ltd. 
Current Practices in the Melting and Casting of 
Copper Alloys 
By P. H. Kirby, American Brass Co. 


Gas and Its Control in the Casting of Aluminum 
By Donald La Velle, American Smelting and 
Refining Co. 

Factors Affecting the Structure of Continuously 

Cast Slabs of Aluminum 
By Dieter Altenpohl, Aluminum Foils, Inc 


Melting and Casting Nickel Alloys 
By C. G. Bieber, International Nickel Co. 


OCTOBER 1959 


9:00 A.M. Constitution Room, Morrison Hotel 


Recovery, Grain Growth, and Textures — 1 — Research Abstracts 


Recovery of the Extra-Resistivity of Cold Worked 
Cadmium From 100 to 273° K. 

By H. R. Peiffer and F. R. Stevenson, RIAS 
Effect of Cold Rolling Procedure on Recrystal- 
lization of Iron 

By J. T. Michalak, U.S. Steel Corp., and 


W. R. Hibbard, Jr., General Electric Co. 


a Orientation Resulting From Simple 
ear 
By R. O. Williams, Cincinnati Milling Machine 
Co. 


Kinetics of the Energy Release From Deformed 
Metals and Alloys 
By R. O. Williams, Cincinnati Milling Machine 
Co. 


Polygonization of 31% Alpha-Brass 
By V. Y. Doo, International Business Machines 
Corp. 


9:00 A.M. Cotillion Room, Morrison Hotel 


Subgrain Growth and Softening in Rolled Alumi- 
num Crystals 
By B. G. Ricketts, University of Illinois, A. 
Kelly, Cambridge University, and P. A. Beck, 
University of Illinois 
Recrystallization of Cold Drawn, Sintered Alumi- 
num Powder 
By E. J. Westerman, General Electric Co., and 
F. V. Lenel, Rensselaer Polytechnic Institute 
Effect of Impurities on the Recrystallization of 
Tantalum 
By M. A. Cocca, General Electric Co. 
Migration of Grain Boundaries in Zone-Refined 
Lead Containing Very Dilute Additions of Ag 
and Au 
By K. T. Aust and J. W. Rutter, General Elec- 
tric Co. 
Swelling of Irradiated Alloy Fuels During Post- 
Irradiation Annealing 
By W. V. Johnston, General Electric Co. 


Research Abstracts on Imperfections 


Dislocation Etch Pits and Plastic Deformation 
in Copper Single Crystals 

By J. D. Livingston, General Electric Co. 
Dislocation Networks in Zinc Crystals 

By V. V. Damiano, Franklin Institute 
Mobility of Edge Dislocations in Silicon-Iron 
Crystals 

By D. F. Stein and J. R. Low, Jr., General 

Electric Co. 
Individual Dislocations in Alpha Brass 

By J. D. Meakin and H. G. F. Wilsdorf, Frank- 

lin Institute 
Observation of Dislocations in Aluminum by 
X-Ray Extinction Contrast 

By J. M. Lommel, General Electric Co. 


9:00 A.M. Embassy Room, Morrison Hotel 


Dislocations and Sub-Boundaries in Metal Crys- 
tals Grown From the Melt 
By C. Elbaum, Brown University 
X-Ray Measurement of Stacking Faults in De- 
formed Cu-Si Wires 
By D. H. Felter and H. M. Otte, RIAS 
Dislocations Formed by Vacancy Condensation 
By G. Schoeck and W. A. Tiller, Westinghouse 
Electric Corp. 
Contribution of Dislocation Line Tension and 
the Density of the Solute Atmosphere to the 
Yield Point in Strain-Aged Ingot Iron 
By T. Mura and J. O. Brittain, Northwestern 
University 
Effect of Orientation and Pre-Strain on the Delay 
Time of Aluminum Single Crystals 
By I. R. Kramer, RIAS 


Powder Metallurgy — I 


Molecular Processes at the Gas-Metal Interface 
By Gert Ehrlich, General Electric Co. 
Effects of Oxide Films on the Sintering Be- 
havior of Metal Powders 
By H. H. Hausner, Consultant 


9:00 A.M. LaSalle Hotel 


Equilibrium Phenomena Between Gases and Solid 
Surfaces in Sintered Metals 
By Michael Eudier, La Metallurgie Francaise 
des Poudres Metafram (France ) 


Vitis to Institute for the Study of Metals 
(Open to Metals Division Members Only) 


Informal Discussions of Research in 


Solid State Physics 

Theoretical Metallurgy 

Temperatures Nearing 
0° K. 

Effects of Very High 
Pressures 


By 


Earl Long 

Cyril Stanley Smith 
Andrew Lawson 
Charles Barrett 
Robert Gomer 
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Thursday Afternoon 
November 5, 1959 


Properties of 
Rhenium 


2:00 P.M. Sherman Hotel 


Carbon Control During Heat Treatment 


OCTOBER 1959 


9:00 A.M. Hotel Hamilton 


Third Session on Component Reliability 


Radiographic Technique at 250 Kvp. Flaw Detection and Bond Testing With Ultra- 
By J. A. Holloway, D. Polansky and E. L. sonic Recorders 


Criscuolo, U.S. Naval Ordnance Laboratory By R. E. Kleint and H. Mitchell, Ultrasonic 
Nondestructive Testing Techniques for Com- Testing and Research Laboratory 
ponents of Critical Antifriction Bomstags Ultrasonic Inspection— Its Present and Future 
By E. W. Garrison, Marlin Rockwell Corp. Status 
Recent Advances in Ultrasonic Research and De- By John W. Orner, Watertown Arsenal 


By Herbert E. Elion, Elion Instruments, Inc. 


1:00 P.M. Argonne National Laboratory 


(Open to Metals Division Members Only) 


Lunch in West Area Cafeteria 
Tour of Physics Library 
Orientation on Technical Information Division 
Tour of Chemistry Library 

Tour of “Hot” Laboratory 

Tour of “CP-5 Research Reactor” 


2:00 P.M. Sherman Hotel 


Refractory Metals 


Refractory Alloys 


Containing An Exploration of High-Boron Alloys 


By A. U. Seybolt, General Electric Co. Re- 


By C. T. Sims, Knolls Atomic Power Labora- search Laboratory 
tory, and R. I. Jaffee, Battelle Memorial In- —-7he Columbium-Oxygen System 
stitute 


By R. P. Elliott, Armour Research Foundation 


a and Twinning of Commercially High-Temperature Oxidation of W-Cb Alloys 
By W. R. Clough, Connecticut Operations — hid hig — Electric Co. Flight 
(Canel) of Pratt and Whitney Aircraft, and P ry 


A. S. Pavlovic, Union Carbide Metals Co. 


Heat Treating to Rigid Specifications 


Panel on Heat Treatment of Gears 
By Frank Hobbs, Ispenlab of Canada Ltd. N. O. Kates: Furnace and induction 
How to Obtain Specified Requirements Through J. Howat: Flame 

Heat Treating H.C. Knerr: Nitriding 

By L. J. Haga, State Heat Treat, Inc. M. Soviak: Salt Bath 


4, 
2:00 M. "Ballroom, Morrison Hotel 


Nonferrous Melting and Casting — Il — Research Summaries 


Vacuum Induction Melting of Mg-Li Alloys 
By R. J. Jackson, T. G. Byrer and P. D. Frost, 
Battelle Memorial Institute 
Effect of Production Variables on the Quality of 
Light Alloy Castings 
By J. W. Meier, Department of Mines and 
Technical Surveys (Ottawa, Canada) 


2:00 P.M. 


Constitution Room, Morrison Hotel 


Some Factors Influencing Grain Refinement in 
Nonferrous Alloys 


By Walter Showak, Ford Motor Co. 
A Cold-Mold Induction Furnace for Melting Re- 
active Metals Without Contamination 
By G H. Schippereit and A. F. Leatherman, 
Battelle Memorial Institute, and D. Evers, 
Mallory-Sharon Metals Corp. 


Recovery, Grain Growth, and Textures — Il — Research Abstracts 


Evolution of Deformation and Recrystallization 
Textures in Cu-Ge and Cu-Sn Alloys 
By Y. C. Liu and R. H. Richman, Ford Motor 
Co. 
Effect of Grain Growth on the Cube Texture in 
an Al-Mn Alloy 
By T. J. Koppenaal, Northwestern University, 
M.N. Parthasarathi and P. A. Beck, University 
of Illinois 


A Texture Problem Involving Orientation Density 


By C. G. Dunn and J. L Walter, General 
Electric Co. 
Secondary Recrystallization in Cube-Textured 


50% Ni, 50% Fe Alloy Tapes 
By N. I. Ananthanarayanan, R. H. Buckwalter 
and R. G. Aspden, Westinghouse Electric Corp. 
Texture of Silicon Iron 
By P. K. Koh, Allegheny Ludlum Steel Corp., 
and C. G. Dunn, General Electric Co. 


2:00 P.M. Cotillion Room, Morrison Hotel 


Influence of Constraints During Rolling on the 
Textures of 3% Si Iron Crystals Initially (001) 
{100} 

By R. G. Aspden, Westinghouse Electric Corp. 
Cube Growth in Silicon Iron 

By G. W. Wiener, Westinghouse Electric Corp. 
Initial Growth of Cube-Oriented Secondary Re- 


Crystallization Nuclei in High-Purity Silicon- 
Iron 
By J. L. Walter and C. G. Dunn, General 


Electric Co. 
Nature of the Matrix for Secondary Recrystal- 
lization to the Cube Texture in High-Purity 
Silicon-Iron 

By C. G. Dunn and J. L Walter, 

Electric Co. 


General 


Heat Treatment and Properties of Steels 


Anomalous Kinetics of the Bainitic Transforma- 
tions Just Above the Ms Temperature 
By M. F. Smith, Nuclear Metals, Inc., G. R. 
Speich, U.S. Steel Corp., and Morris Cohen, 
Massachusetts Institute of Technology 
Effect of Pressure on the Martensitic Transforma- 
tions in the Iron-Nickel System 
By L. Kaufman, S. A. Kulin and H. Udin, 


Manufacturing Laboratories, Inc. 
Effect of Heat Treatment in the Ferrite-Austenite 


Region of Notch Toughness of Low-Carbon 
Steels 
By W. C. Leslie, R. L. Rickett and W. D. 


Lafferty, U.S. Steel Corp. 


Preferred Orientation in Warm-Worked and Heat 
Treated 4340 Steel 


By E. P. Kula and S. L. Lopata, Watertown 
Arsenal 


Effect of Sulphur on the Notch Toughness of 
Heat Treated Steels 


By J. M. Hodge, R. H. Frazier and F. W. 
Boulger, Battelle Memorial Institute 
Magnetism in 0.30 C, 18 Cr, 8 Ni, 3 Si Valve 
Steel Alloys 
By S. M. Purdy, Carpenter Steel Co. 
Effect of Tensile and Creep Prestrain on a Pre- 
cipitation Hardening, High-Temperature Alloy 
By J T. Brown, Westinghouse Electric Corp. 
Measurement of Chi and Sigma Phases in Stain- 
less Steel With the Electron Probe Microanalyzer 
By L. S. Birks and J. Siomkajlo, U.S. Naval 
Research Laboratory, and P. K. Koh, Allegheny 
Ludlum Steel Corp. 
Recrystallization of Austenite 
By R. A. Grange, U.S. Steel Corp. 
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2:00 P.M. Embassy Room, Morrison Hotel 


Infiltration of Alumina With Silver 
By J. W. Proske and A. J Shaler, Pennsylvania face Films 


State University 


Powder Metallurgy — Il 


Coulometric Reduction; a Tool for Studying Sur- 


By V. J. Albano, Bell Telephone Laboratories 
Effects of Surface Parameters on Dimensional 
Changes in Iron-Copper Sinterings 
By Morse Hill and H. P. Munger, Republic 
Steel Corp. 


2:00 P.M. Hotel Hamilton 


Problems Facing the Aircraft Industry in Inspection of Brazed Honeycomb Structures 


Thursday 
Evening 


Panel Discussion 


Panel Members: William C. Hitt, Douglas Air- 
craft Co., Inc. 

H. Harris, North American Aviation Corp. 
Robert Booth, Boeing Airplane Co. 

John D. Fenton, Convair 

William Mays, North American Aviation Corp. 
G. E. Molzahn, Lockheed Aircraft Corp. 


6:00 P.M. La Salle Hotel 


NLA 


Banquet With Illinois Chapter, S.L.A. 


AS 


7:30 P.M. Sherman Hotel 


W 


OCTOBER 1959 


A.S.M. Annual Banquet 
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Friday Morning 
_ November 6, 1959 


A.M. Hotel Ham ilton 


First Session, Educational Clinic 


Scope of Present Nondestructive Testing Field Darkroom Techniques 
By D. W. Ballard, Sandia Corp. By S. S. Stacey, Ansco Corp. 


Radiography, Including Isotope Radiography Fluoroscopy ; 
By W. D. Kiehle, Eastman Kodak Co. By W. Hampe, Westinghouse Electric Corp. 


Magnetic Particle Inspection 
By W. E. Thomas, Magnaflux Corp. 


9:30 A.M. LaSalle Hotel 
Session on Steelmaking and Product Packaging 


Continuous Converting of Cupola Iron Into Steel Latest Developments in Packaging Design 
by Oxygen Blowing By J. H. Myers, Acme Steel Co. 


By W. F. Hinkle, Acme Steel Co. Strapping Machines in the Packaging Field 
By H. Connell, Acme Steel Co. 


Friday Afternoon 
November 6, 1959 


12:45 P.M. LaSalle Hotel 


Inspection Trip to Acme Steel Co. 


(Open to Metals Division Members Only) 
By bus to Riverdale to tour the recently installed 


continuous cupola, oxygen converter process of 
steelmaking 


1:30 P.M. Hotel Hamilton 
Second Session, Educational Clinic 


Penetrant Inspection Ultrasonics; Theory and Instrumentation 
By H. Migel, Magnaflux Corp. By H. E. VanValkenburg, Sperry Products 
Eddy Current Test Methods Ultrasonics; Applications and Interpretations 
By H. L. Libby, Hanford Atomic Products By W. C. Hitt, Douglas Aircraft Co. 
Writing in Modern Technology 
By R. Nelsen, General Electric Co. 


Friday 
Evening — 


6:00 P.M. International Ampitheater 


4ist Annual Metal Exposition Closes 
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Aaron Machinery Co., Inc. 
Adolph Plating, Inc. 
Metal parts coated and finished 
with various metals from cad- 
mium through silver. 


Aerobraze 
Brazing and heat treating of 
stainless steel assemblies (serv- 
ice). 
Aero-Test Equipment Co., Inc. 
See Perfecto-Peen Division. 
Aircraft & Missiles Mfg. 
Business publication. 


Ajax Electric Co. 
Salt bath furnaces. 


1246 
1298 


1509 


1659 


1410 


Ajax Engineering Division 
See Ajax Magnethermic Corp. 


Ajax Magnethermic Corp. 
Induction furnaces and heat 
treating equipment using 60- 
cycle and high-frequency cur- 
rent. 


Aktiebolaget Curto 
See Curto Co. 


Allen Machine Tool Corp., Steve 1562 


Allen Mfg. Co., W. D. 1855 
Multiple drilling and tapping 
machines; quick-change tool 
holders; boring bars; punches 
and shears. 


Allied Research Products, Inc. 


Electroplating equipment and 
processes. 


Allison-Campbell Division, 
American Chain & Cable 


1542 


1212 


Co., Ine. 1236 
Abrasive cutting wheels; wet 
and dry abrasive cutting ma- 
chines; heavy duty dry abrasive 
cutting machines; grinding 
coolant. 


Alloy Engineering & Casting Co. 841 
Heat resistant and corrosion 
resistant alloy castings. 


Alloy Products Corp. 
Fabricated and stamped stain- 
less steel shapes, forms and fit- 
tings. 


American Brake Shoe Co. 
Electro-Alloys Division 
Heat resistant alloy castings. 


American Cast Iron Pipe Co. 
Centrifugally spun steel tub- 
ing and castings. 


American Chain & Cable Co., Inc. 953 
and 1236 
See Allison-Campbell Div. and 
Wilson Mechanical Instrument 
Div. 


1533 


727 


1230 


OCTOBER 1959 


Exhibitor Listing 


American Cystoscope Makers, Inc. 
Borescopes, miniature lamps 
and optical flats. 


American Gas Association 
Industrial gas burners, gas 
heated ovens and furnaces. 


American Gas Furnace Co. 
Controlled atmosphere, shaker 
hearth furnaces and continuous 
rotary retort furnaces, with 
automatic feeders. 


American Machine & Foundry Co. 
DeWalt Division 

Radial arm machinery for cut- 

ting wood, metals and plastics. 


American Machine & Metals, Inc. 
See Riehle Testing Machine 
Division. 


American Machinist 
McGraw-Hill publication. 


American Optical Co., 
Instrument Division 
Metallographic and other op- 
tical scientific instruments used 
in the metal industry. 


American Pullmax Co., Inc. 
Universal shearing and form- 
ing machines. 


American Sealants Co. 
Liquid lock for metal parts 
known as Locktite Sealant. 


American Society for Metals 
Metal Progress and Metals Re- 
view (monthly magazines) ; 
Books for the metals indus- 
try; Metallurgical Engineering 
Institute (home study courses) . 
Mechanized literature search- 
ing project. 


American Steel Foundries 
Shell molded castings. 


Amersil Quartz Division 
See Engelhard Industries, Inc. 


Amplex Division, Chrysler Corp. 
“Oilite” self-lubricating bear- 
ings, precision parts made by 
powder metallurgy, and metal 
filters. 


Anderson Brothers Mfg. Co. 
Straightening presses, power 
and hand scrapers, balancing 
ways. 


Anocut 
Electrolytic mac 
ment. 


Arcair Co. 
Automatic or manual process 
for gouging, cutting and metal 
removal; welding accessories. 


Areweld Mfg. Co. 
High-temperature testing and 
creep testing equipment; ther- 
mocouple calibrators; gradient 
furnaces; vacuum retorts. 


Co. 
ining equip- 
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Armstrong Brothers Tool Co. 1624 
Hand tools, tool holders, car- 
bide insert tools, wrenches, cut- 


ters, clamps. 
Ashland Oil & Refining Co. 
See National Refining Co. 


Atkins Saw Division 
Borg-Warner Corp. 


Atlas Press Co. 15 
Machine tools (lathes, drill 
presses, milling machines). 


Atom Wheel Tool 
“Atom Wheel Tool”—a new 
concept in metal fabrication. 


Austin Tool Co., Ine. 
See Frank Loy & Assoc. 


Automotive Industries 
Business publication. 


1460 


1740 


1264 


1410 


Babcock & Wilcox Co., 

Tubular Products Div. 
Seamless tubing, tubular prod- 
ucts, extrusions, fittings for 
weldments. 


Baj Tool Co. 
Hand, adjustable and high 
speed keys, key-way broaches. 


Balteau Electric Corp. 
Industrial X-ray Equipment 
and accessories. 


528 


1511 
120 


Banner Welder, Inc. 1415 


Resistance welding machines. 


Barber-Colman Co. 
See Wheelco Instruments Div. 


Barer Engineering & Machinery 


Lad. 
Machine tools: lathes, drill 
presses, shapers and grinders. 


Barry Controls, Inc. 
Leveling mounts for industrial 
machinery; metalworking tools. 


Battelle Memorial Institute 
See Cobalt Information Center. 


Bausch & Lomb Optical Co. 
Optical gages, research metal- 
lographs, metallurgical, tool- 
makers’ and_ electroplaters’ 
microscopes, bench compara- 
tors, cameras, color analyzers, 
stereomicroscopes. 


1455 


Beryllium Corp. 
Beryllium chemicals, metal and 
alloys. 


Binks Mfg. Co. 
Paint spraying equipment for 
manual and automatic opera- 
tion; air compressors; air oper- 
ated fluid handling pumps; 
electro - mechanical memory 
timers. 
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Blakeslee & Co., G. S. 
Machines for degreasing and 
cleaning metal parts; paint 
spraying units; ultrasonic 
equipment for cleaning and 
other purposes. 


Blue M Electric Co. 
Temperature control equipment 
for ovens, furnaces, liquid baths 
and humidity cabinets. 


Borg-Warner Corp. 
See Atkins Saw Division. 


Bowman Preducts Co. 

See E. I. du Pont de Nemours 
& Co., Inc., Explosives Depart- 
ment. 


Bradley Washfountain Co. 
Wash fountains and _ group 
showers. 


Branson Instruments, Inc. 1645 
See Branson Ultrasonic Corp. 

Branson Ultrasonie Corp. 1645 
Ultrasonic cleaning and testing 
equipment, generators, trans- 
ducers, dip tanks. 

Brinkmann Instruments, Inc. 315 
Laboratory instruments, dila- 
tometers, balances, thermo- 
stats, microscopes. 

British Industries Corp. 1463 
See Shaw Process Development 
Corp. 

Brown & Sharpe Mfg. Co. 1357 
Micrometer and vernier cal- 
ipers, snap gages, height gages, 
dial indicators, surface and sine 
plates, magnetic chucks, pre- 
cision-ground flats and tool- 
steel bars. 

Charles Bruning Co., Inc. 919 
Copying machines and draft- 
ing equipment. 

Brush Beryllium Co. 205 
Beryllium, beryllium alloys, 
beryllium oxide shapes. 

Budd Co. 1159 
Gamma-ray radiographic equip- 
ment and nondestructive testing 
devices 

Buehler, Lid. 415 


Equipment for preparing metal- 
lographic samples. 


Canadian Government Exhibition 828 
Commission and 835 


Ores and metals produced in 


Canada; Canadian-made metal 
working equipment. 


Charmilles Engineering Works, 
Ltd., Geneva 
Machine tools for cutting met- 
als with electric sparks. 


Chicago Powdered Metal 
ucts Co. 
Machine parts, mass produced 
by powder metallurgy. 


Chicago Rivet & Machine Co. 
Automatic rivet setting ma- 
chines, tubular split rivets. 
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Chicago Tool & Engineering Co. 
Palmgren vises, milling attach- 
ments, rotary tables, adjustable 
angle plates, machine tool ac- 
cessories. 


Chilton Co. 
Publisher of Iron Age, Auto- 
motive Industries, Aircraft & 
Missiles Mfg., ‘(business pub- 
lications) . 


Chromalloy Corp. 
Process for chromallizing iron 
castings; explosive forming of 
chromium sheet. 


Chromizing Co. 
See Metal Improvement Equip- 
ment Co. 


Chrysler Corp., Amplex Division 
“Oilite” self-lubricating bear- 
ings, precision parts made by 
powder metallurgy, and metal 
filters. 


Cincinnati Sub-Zero Products 
Industrial equipment for chill- 
ing metal and other parts to 
sub-zero temperatures. 


Cireo Equipment Co. 
Vapor degreasers, agitating 
washers, steam cleaners, u!tra- 
sonic cleaners. 

Clausing Division 
See Atlas Press Co. 

Cleveland Pneumatic Industries, 

Industrial Sales Div. 

“Aire-Motion” pneumatic de- 
vices, multi-spindle drill heads, 
rotary index tables, pneumatic- 
hydraulic presses, pneumatic 
presses. 


Cobalt Information Center 
Educational exhibit showing 
uses of cobalt and its alloys. 


Collius Microflat Co. 
Granite surface plates and ac- 
cessory items for precise in- 
spection. 


Columbus Coated Fabrics Corp. 
Colovin-vinyl metal laminates. 


Commander Mfg. Co. 
Multiple drilling and tapping 
heads. 


Consolidated Electrodynamics 
Corp. 
High-vacuum equipment, vac- 
uum arc furnaces, induction 


1365 


1410 


1615 
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1756 


1537 


819 


910 


1662 


1041 
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furnaces, packaged pumping 
systems, components and acces- 
sories for vacuum systems. 


Cooke, Troughton & Simms, Inc. 
Microscopes and scientific in- 
struments. 


Criterion Machine Works 
See Frank Loy & Assoc. 


Curtiss-Wright Corp. 
Metallic extrusions, forgings 
and castings; ultrasonic equip- 
ment for sub-surface inspection 
of metal parts. 

Curto Co. (AB Curto) 
Equipment in continuous line 
for drawing, straightening and 
cutting core wire for welding 
electrodes. 


Cutting Tools, Inc. 
See Portage Double Quick, Inc. 


Dake Corp. 
Arbor and hydraulic presses; 
guided platen presses. 


Daystrom, Inc. 
See Weston Instruments. 


Dayton Perforators, Inc. 
Standard and special piercing 
punches, insert dies and insert 
guides. 


Delta Power Tool Division 
Rockwell Mfg. Co. 
Power tools for industry. 


de Sanno & Son, Inc., A. P. 
Abrasive cut-off machines and 
grinding wheels. 


Detrex Chemical Industries, Inc. 
Equipment and supplies for de- 
greasing, sonic cleaning, alkali 
and emulsion cleaning; chem- 
icals for phosphate coatings. 


Detroit Hinge Mfg. Co. 
Continuous and butt hinges of 
steel, stainless, aluminum and 
brass. 


Detroit Testing Machine Co. 
Testing machines for determin- 
ing hardness, strength, ductility 
and other physical properties 
of meta!s. 


1542 


1845 


1650 


1649 


1016 


1042 


1668 


1219 


1766 


739 


METAL PROGRESS 


1655 Me le 
215 
1730 
1550 
| 1862 


Deutsch Fastener Corp. 
Stainless steel rivets and spe- 
cial fasteners. 

DeVilbiss Co. 

Cleaning, coating and painting 
equipment and systems of every 
type and size. 


DeWalt Division, American 
Machine & Foundry Co. 
Radial arm machinery for cut- 
ting wood, metals and plastics. 


Diamond Saw Works, Inc. 
Band saws of high speed and 
carbon toolsteel; power saw 
blades; hand hack saw blades. 


Die-Drauliec Grip, Ine. 
Hydraulic piercing units; ad- 
justab’e die pad pressure equip- 
ment. 


Disston Division 
H. K. Porter Co.. Ine. 
Industrial cutting tools, saws, 
files, metal cutting tools gen- 
erally. 


Dixon Crucible Co., Joseph 
Metalworking lubricants. 


DoAll Co. 
Machine tools for sawing, 
grinding and lapping; cutting 
tools; precision measuring in- 
struments. 


Dominion Electrohome 
Industries, Ltd. 
Induction heating equipment. 


Dow Chemical Co. 
Magnesium metal and alloys; 
magnesium products; cleaning 
solvents. 


Driver Co., Wilbur B. 
High alloys in various forms 
made to close analysis for the 
electronic, electrical, chemical 
and mechanical industries. 


Drop Forging Assoc. 
Drop forgings for superior serv- 
ice in all industries. 
Dry Clime Lamp Corp. 
Electric radiant ovens. 
DuMaurier Co. 
Pccket sized, 20-power inspec- 
tion and measuring micro- 
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du Pont de Nemours & Co., E. 1. 
Electrochemicals Dept. 
Chemica.s for degreasing, met- 
al plating and other types of 
metal finishing. 


du Pont de Nemours & Co., E. 1. 
Explosives Dept. 
Expiosive forming of metals, 
explosive rivets and other ex- 
plosive specialties. 


Easco Products Division 
See Electro Arc Sales Co. 


Eastman Kodak Co. 
Industrial radiography, contour 
projectors, metallographic 
equipment, sensitized plates; 
special photographic devices. 


Electric Furnace Co. 
Industrial furnaces, atmosphere 
generators, auxiliaries; exhibits 
of heat treated parts of difficult 
shapes or tolerances. 
Electro-Alloys Division 
American Brake Shoe Co. 
Heat resistant alloy castings. 


Electro Are Sales Co. 

Easco Products Division 
Metal disintegrators, portable 
nibbling and etching machines, 
voltage bocsters, electrical dis- 
charge machines, demagnetiz- 
ers. 


Electromark Corp. 

Automatic electrochemical 
marking system and equip- 
ment. 


Elox Corp. of Michigan 
Method and tools for machin- 
ing metals by electrical dis- 
charges. 


Engelhard Industries, Inc. 
“Nitroneal” generators and in- 
dicators, palladium diffusion 
unit, purifiers and driers, form 
roll and laminated materials, 
Slip-ring assemblies, fused 
quartz and silica ware, bore- 
scopes. 


Exomet, Inc. 
Exothermic materials for lining 
hot tops and for post heat 
treatment; insulation. 


Fannon Products Co., John J. 


Far-Best Corp. 
See Sanford Process Co., Inc. 


Fenn Mfg. Co. 
Automatic line for wire draw- 
ing, flattening, sizing, gaging 
and spooling. 


Fenway Machine Co., Inc. 
Portable electric and pneu- 
matic metal-cutting tools; 
thread and milling machines. 


Fischer & Co., H. G. 
Automatic electrostatic spray; 
electrostatic hand gun and 
transformer. 


Fisher Scientific Co. 

Induction furnace for carbon 
analysis; “Serfass” hydrogen 
analyzer; laboratory equip- 
ment 


Fiske Brothers Refining Co. 
See Metal Lubricants Co. 


Florida Development 
mmission 
Exhibits illustrating industrial 
opportunities in Florida. 


Foundry 
Monthly magazine on produc- 
tion of cast metals. 


Foxboro Co. 
Scientific, inspection and shop 
instruments for the metal in- 
dustries. 


Fuller Co., H. B. 
“Resiweld” metal adhesives. 


Furane Plastics, Inc. 
Epoxy plastics. 


Gaertner Scientific Corp. 
Precision opiucal and measur- 
ing instruments; instruments 
for scientific research. 


Gas Appliance Service, Inc. 
Gas fired heating equipment. 
General Alloys Co. 
Stainless steel, heat resistant 
and corrosion resistant alloy 
castings and fabrications; heat 
treating fixtures. 


General Blower Co. 
High-temperature fans; turbo- 
pressure blowers; industrial 
fans for handling air and fine 
material. 


General Electric Co. 
Card-programming system for 
machine tools; line of com- 
puters for industrial data 
logging, processing and accum- 
ulating. 


General Fireproofing Co. 
Drafting tables, office furni- 
ture, steel partitions. 


Grand Valley Machine & Tool Co. 
See Die-Draulic Grip, Inc. 


Gray Co., Ine. 
Painting and paint 
equipment. 


spraying 


Gries Industries 


Gries Reproducer Corp. 
Small die castings and plastic 
moldings; standard compo- 
nents; special machinery. 


Grotnes Machine Works, Inc. 
Hydraulic equipment for ex- 
panding and shrinking of metal 
parts. 


Gulf Oil Corp. 
Oils and lubricants for the 
metal industry; quenching oils. 
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Hacker & Co., Wm. J. 
Metallographic apparatus; mi- 
crotomes; thermo-apparatus. 


Haller, Ine. 1053 
Metal hobbing press; briquet- 
ting press for powder metal. 
Harper Electric Furnace Corp. 1027 


Industrial electric furnaces. 


Harris Refrigeration Co. 
Low-temperature industrial 
chilling equipment. 


Haynes Stellite Co. 527 
Division of Union Carbide Corp. 
Heat and corrosion resistant 
metals and alloys, sheet, shapes, 
castings, hard facing materials. 


Heath Engineering Co. 1335 
“Ultra-graph” precision guid- 
ance machines. 


Heli-Coil Corp. 1559 
Threaded inserts; locking type 
inserts; thread repair kits. 


Heller Machinery Co. 


Heller’s Son, Inc., E. G. 
(Subsidiary of Heller Machin- 
ery Co.) 


Hevi-Duty Electric Co. 
Furnaces for heat treating and 
metal melting. 


Vacuum Equipment Corp. 
acuum pumps, furnaces, 
orators, components. 


Hitchiner Mfg. Co., Inc. 
Precision investment castings. 


Homestrand, Inc. 
Machine tools. 


Hones, Inc., Charles A. 732 
Industrial gas burners; heat 
treating, metal melting and 
soldering furnaces. 


Houdaille Industries, Inc. 
See Wales-Strippit, Inc. 


Houghton & Co., E. F. 
Compounds for lubrication in 
the cutting and forming of 
metal and for. the surface 
and heat treatment of metals. 


Hupp Corp. 742 
Perfection Industries Division. 
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Illinois Testing Laboratories, Inc. 
Air velocity and temperature 
measuring and control instru- 
ments; dew point measuring 
apparatus. 


Index Industrial Corp. 
Metal working machine tools. 


Industrial Equipment News 
Monthly magazine. 


Industrial Heat 
Monthly e. 


Industrial Press 942 
Publishers of business and 
technical magazines. 
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Industrial Publishing Corp. 
Publisher of magazines: Power 
Transmission Design, Precision 
Metal Molding and Welding 
Design & Fabrication. 


Instron Engineering Corp. 1644 
Tensile testing machines; high 
temperature machine (up to 
2200° F.) in air, vacuum or 
inert atmosphere. 


lonic Electrostatic Corp. 1127 
Electrostatic spray equipment. 


Ipsen Industries, Inc. 553 
Industrial automatic heat 
treating equipment; vacuum 
furnaces. 


Iron Age 1410 
Weekly news-magazine for the 
metal industries. 


Janney Cylinder Co. 1561 
Centrifugally cast (and fin- 
ished machined) parts of fer- 
rous and nonferrous metals. 


Jiffy Disintegrators, Inc. 
Metal disintegrating machines. 


Johansson Co., I. O. 
Machine tools. 
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Kawecki Chemical Co. 
Metals, alloys, chemicals. 


Kemp Mfg. Co., C. M. 736 
Industrial gas combustion 
equipment and atmosphere 
generators; atmosphere dryers; 
immersion heaters for lead, tin 
and salt baths 


Kester Solder Co. 842 
Solder and soldering fluxes; 
all types of preformed solder 
shapes. 
King Tester Corp. 419 
Portable Brinell hardness tester, 
Brinell microscopes and 
adapters. 


1328 


Kinney Mfg. Division 


New York Air Brake Co. 1819 
Vacuum furnaces, metal evap- 
orators, high-vacuum equip- 
ment. 

Kolene Corp. 836 


Salt bath descaling, cleaning, 
de-enameling, paint and plastic 
stripping methods and equip- 
ment. 


Krouse Testing Machine Co. 1159 
See Budd Co. 
Kux Machine Co. 1570 


200-ton die casting machine 
with high speed automatic cy- 
cling (900 per hr.); automatic 
power metal compacting press. 


Laboratory Equipment Corp. 
Laboratory equipment, includ- 
ing induction and resistance 
furnaces with analytic trains 
for determining carbon, sul- 
phur, oxygen and hydrogen in 
metals. 


La Deau Mfg. Co. 1606 
Turnover cradles for handling 


coils of steel and aluminum 
sheet and strip. 
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Lake Chemical Co. 1423 
See Markal Co. 

Lake Erie Machinery Corp. 1654 

Latrobe Steel Co. 1350 
Toolsteels, die steels and 
specialty steels. 

Lee Co., K. O 1023 


Grinders (universal, carbide, 
tool and cutter); expanding 
mandrels, keyless drill chucks, 
abrasive wheel dressers. 


Leeds & Northrup Co. 836 
Heat treating furnaces; elec- 
tronic temperature recorders 
and controllers. 


Leitz, Inc., E. 426 
New research metallograph; 
“Metallux” phase microscope; 
dilatometers. 
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Lempco Industrial, Inc. 602 


Lennox Tool & Machine Builders 916 
“True-Edge Metlmaster” and 
sensitive drilling machine. 


Lepel High Frequency 
Laboratories, Inc. 
Induction heating equipment, 
semiconductor equipment, bell- 
jar vacuum equipment and ac- 
cessories. 


Lilly & Co., Eli 
Agricultural & Industrial 
Products Division 
Inhibitor giving bacterial con- 
trol in soluble cutting oils and 
synthetic coolants. 


Lindberg Engineering Co. 520 
Graphite tube furnace (5000° 
F.); salt bath furnace; Endo- 
thermic atmosphere generator 
with automatic control of car- 
bon potential; carbonitriding 
furnace with integral quench. 


Los Angeles Department of 


1807 


1311 


Water and Power 1268 
Promoting Los Angeles as a 
location for industrial plants. 

Loy & Assoc., Frank 1264 


Cut-off tools, drill adaptors, 
precision tools and products. 


Lufkin Rule Co. 401 
Precision tools, dial indicators, 
measuring tapes and rules. 


M.B.1. Export & Import, Ltd. 
Horizontal optical jig-borer, 
with semi-automatic positioning. 


Machine Tool Manufacturers 
Affiliates, Inc. 


Machinery 
Monthly industrial publication. 


Magnaflux Corp. 865 
Eddy current instruments for 
testing and sorting metallic 
parts, magnetic or nonmag- 
netic; test systems for detect- 
ing defects in brazed honey- 
comb or sandwich structures; 
magnetic particle testing units. 


Magnetic Analysis Corp. 319 
Magnetizers, demagnetizers, 
comparators, and testers for 
magnetic analysis. 


Mahr Gage Co., Inc. 316 
Precision measuring tools, gages, 
inspection equipment. 


Makepeace Division, D. E. 
See Engelhard Industries, Inc. 


Malayan Tin Bureau 
New applications of tin and tin 
alloys in American industry. 
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Mannesmann-Meer, Inc. 1867 
Powder compacting presses; 


tube straighteners. 


Man-Au-Cycle Corp. of America 1306 
See S&S Machinery Co. 


Markal Co. 
Marking crayons, protective 
coatings, “La-Co” fluxes and 
sealants. 
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Martin Engineering Co. 1739 
Industrial vibration inducers. 


Martindale Electric Co. 
Saws; rotary burs; electrical 
instruments; dust masks. 


Master Bearing Sales, Inc. 
See Amplex Div., Chrysler Corp. 


Matson Co. 
Machining by electrical dis- 
charge (and equipment). 


McGraw-Hill Publishing Co. 
American Machinist 
(business publication) . 


Mead Specialties Co. 
Air cylinders, air valves, and 
other air-operated devices. 


Mercuria Co. 


Automatic hydraulic copy 
shaper for making electrodes 
and punches; spark erosion 
machines. 


1753 


1745 
1059 


1321 
1324 


1469 


Metal Improvement Equipment 
Co 


Shot-peening machine and 
shot-peened articles. 


Metal Lubricants Co. 
Drawing compounds, cutting oils 
and coolants; industrial oils 
and greases. 


Metal Powder Industries 
ederation 533 
Powder metallurgy products. 


Metals Processing Division 
See Curtiss-Wright Corp. 


Metal Progress 810 
Engineering monthly magazine 
of the metals industry. 


Metal Removal Co. 
Carbide burs and rotary tools; 
grinding wheels. 


Metals Documentation Service 810 
New ASM service to start in 
1960 for providing prompt and 
up-to-date information on any 
phase of metallurgical science 
and engineering. 


Metals Engineering Institute 810 
Lesson courses for home study, 
ASM Chapter and in-plant 
training. 


Metals Review 810 
ASM monthly tabloid newspaper 


Mettler Machine Tool, Inc. 1712 
High speed automatic wire 
straightener, reeler and cutter. 


Micrometrical Mfg. Co. 
Electro-mechanical instru- 
ments (direct reading or re- 
cording) for surface roughness 
or waviness. 


Milwaukee Electric Tool Corp. 
Shears, drills, grinders, saws. 


Mine Safety Appliances Co. 
Instruments for atmosphere an- 
alysis and combustion control. 
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Minneapolis-Honeywell Regulator 
Co., Industrial Division 1426 
Industrial instruments and 
controls. 


Minnesota Mining & Mfg. Co. 
Barrel finishing mediums and 
compounds. 


1048 


Mitchell Radiation Products Corp. 220 
Industrial X-ray generators, 
equipment and accessories. 


Montgomery Tool Co. 
Steel rule dies; centers for 
turning split patterns. 


1744 


Samuel Moore & Co. 1231 
Plastic hose and fittings, 


nylon tubing. 


NRC Equipment Corp. 1227 


High-vacuum furnaces, coaters 
and components. 


Narda Ultrasonics Corp. 
Ultrasonic cleaning equipment. 


National Carbon Co., 
Division of Union Carbide 


rp. 

Electrodes for are furnaces; 
carbon blocks and other carbon 
and graphite products. 


National Electric Instrument Div. 1430 
See Engelhard Industries, Inc. 


National Refining Co. 
Cutting oils, hydraulic-system 
oils, drawing compounds, rust 
preventatives. 


National-Standard Co. 
Carbon steel, stainless steel, and 
plated steel wire; flat spring 
steel; industrial wire cloth; 
perforated metals. 


National Ultrasonic Corp. 924 
Ultrasonic cleaning equipment 
and vapor degreaser; solvents 
and detergents. 


1628 


527 


1460 


1336 


New Hermes Engraving Machine 
Corp. 840 
Pantograph engraving ma- 
chines. 


New York Air Brake Co. 1819 
See Kinney Mfg. Division. 
Nordson Corp. 1028 


Airless spray painting equip- 
ment. 


North American-Viking Drill Co. 1498 
High speed, straight shank twist 
drills and related items. 


Nuclear Materials & Equipment 
Cor 


P- 
Nuclear fuel material; special 
materials; cathodic vacuum 
etcher. 


Nuclear Metallurgical Enterprises, 


ne. 922 
Electronic welding gun. 
Nuclear Systems Division 1159 
See Budd Co. 
Oakite Products, Inc. 1036 


Liquids for drawing, forming, 
cleaning, phosphate and con- 
version coatings, paint strip- 
ping, rust prevention. 


Ohno Crankshaft Co. 1530 
Induction heating and heat 
treating equipment. 


Olivetti Corp. of America 1022 
Machine Tool Division 
High-precision cylindrical 
grinders; sensitive high-speed 
drill presses. 


Olsen Testing Machine Co., 
Tinius 1616 
Tensile and other testing ma- 
chines and auxiliaries. 


O’Neil-lrwin Mfg. Co. 1035 


Opto-Metric Tools, Inc. 301 
Measuring tools, both optical 
and mechanical. 


Pangborn Corp. 1239 


Plast cleaning and dust control 
equipment. 


Park Chemical Co. 723 
Heat treating and quenching 
materia!s and supplies; 
aluminum brazing salts. 


Pathex, Ltd. 1450 
Punching and shearing 
machines. 


Payne Tool & Engineering Co. 1716 
Dies, stampings and related 
work. 

Penton Publishing Co. 1449 


Publications and technical 
books; Steel; Foundry. 


Perfection Industries 742 
(Division of Hupp Corp.) 


Perfecto-Peen Division, 
Aero-Test Equipment Co., 
Inc. 1659 
Glass peening process and sup- 
plies for surface reformation 
and conditioning. 


Perkin-Elmer Corp. 312 
Vapor fractometer for continu- 
ous analysis of furnace atmos- 
pheres. 


Peterson Machine Tool. Inc. 1767 
“Sonoflux” magnetic particle 
inspection equipment. 


Phillips Mfg. Co. 825 
Metal cleaning equipment. 
PIC Design Corp. 1759 


Precision gears, differentials 
and speed reducers. 


Picker X-Ray Corp. 126 
X-ray and isotope radiographic 
equipment and accessories. 


Pivot Punch & Die Corp. 959 
Perforating punches and dies; 
“Cone-Lock” retainers and 
punches. 


Portage Double Quick, Inc. 1845 
Layout machine; quick-change 
tools; carbide cut-off tools; 
micro adjustable tools; 
end mill driver. 


Porter Ce., Inc., H. K. 
Disston Division 1456 
Industrial metal cutting tools, 
saws, files. 
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Porter Precision Products 1465 
Standardized and “Bal-Lok” 
head-type punches and die but- 
tons, carbide tipped and other- 
wise; sleeve supported perfo- 
rators and wire punches. 


Power Transmission Design 1555 
Technical publication. 


Precision Extrusions, Inc. 943 
Custom extruded shapes and 
billets. 


Precision Metal Molding 1555 
Technical publication. 


Presseco Casting & Mfg. Corp. 844 
Pressure die castings and per- 
manent mold castings of brass 
and bronze. 


Princeton Division 1730 
See Curtiss-Wright Corp. 


Protection Controls, Inc. 1718 
Safeguards for single-burner 
and multi-burner heaters; 
control panels. 


Pyrometer Instrument Co., Inc. 1725 
Surface, radiation, immersion 
and indicating pyrometers. 


R 


Radio Corp. of America 125 
Automatic electronic inspection 
machines and parts; feeders. 


Ransburg Electro-Coating Corp. 1250 
“Electro-Spray” process equip- 
ment, both automatic and 
manual. 


Raymond Corp. 1339 
Electric industrial trucks and 
other materials handling 


machinery. 
Raytheon Mfg. Co. 1811 
Relton Corp. 1723 


Lubricating and cooling fluids 
for tapping and drilling; rotary 
drills for concrete and masonry. 


Rexo-Therm, Inc. 1207 


Richards Co., J. A. 1211 
Steel rule diemaking equipment; 
bending equipment for sheet 
metal. 


Riehle Testing Machine Division, 
American Machine & Metals, 


ne. 
Physical testing machines. 


Rochester Division 1251 
See Consolidated Electro- 
dynamics Corp. 


Rockwell Mfg. Co., 
elta Power Tool Division 
and Walker-Turner Division 


2 and 1750 
Power tools for industry. 


Ryerson & Son, Inc., Joseph T. 627 
Steel products; cut-to-order 
carbon and stainless bars, 
shapes, sheet and strip. 


S 


S & S Machinery Co. 1306 
Vertical boring mill; lathes; 
contour cutting band saws; 
radial drills; cylinirical and 
surface grinders. 


Sanford Process Co. ; 1549 
Equipment for hard coating of 
aluminum parts. 


Scherr Co., Inc., George 1629 
Precision measuring equipment, 
optical and mechanical. 


Schmidt, Inc., George T. 1330 
Bench and floor model marking 
machines—hydraulic, pneumatic 
and hand operated. 


Schrader’s Son, A. 1625 
Control valves for compressed 
air systems; cylinders; acces- 
sories. 


Scientific Electric, Inc. 1127 
Induction and dielectric heaters. 

Scovill Mfg. Co., Inc. 1625 
See A. Schrader’s Son. 

Scully-Jones & Co. 1360 


Precision holding tools (machine 
tool accessories) ; torque control 
clutches. 


Selas Corp. of America 720 
Automatic heat processing ma- 
chines; combustion equipment; 
hydrogen generator; hydrocar- 
bon vapor scrubber. 

Sentry Co. 1719 
Electrically heated high speed 
steel heat treating furnace with 
“diamond block” atmosphere 
control. 


Shaw Process Development Corp. 1463 
Process for making investment 
castings of high precision. 


Sheldon Machine Co., Inc. 1749 
Lathes; variable speed lathe 
drive with automatic speed 


selector. 
Shell Oil Co. 1642 
Sieburg Industries, Ine. 1742 


High speed production milling 
of test specimens or other ac- 
curate parts. 


Sievert AB, Max 1207 
See Rexo-Therm, Inc. 


Sinclair Refining Co. 1525 
Cutting oils and quenching oils. 
Smith Corp., A. O. 1446 


Welding machines and equip- 
ment; electrodes. 


Socony Mobil Oil Co., Inc. 1366 
Benefits obtainable by the 
“Mobil Program for Manage- 
ment.” 


South Chester Corp. 1640 
See Southco Division. 


Southco Division, 


South Chester Corp. 1640 
Specialty fasteners for industry. 
Spee-Flo Sales Corp. 1815 
Spray painting equipment. 
Spencer Turbine Co. 7 


Turbo compressors, pneumatic 
conveying machines. 
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Sperry Products, Ine. 212 
Newly designed ultrascnic fiaw 
detection and thickness mea- 
surement instruments and au- 
tomatic inspection systems. 


Spitfire Tool Co. 


Star Expansion Industries Corp. 
Pins, studs, pin-grips, stud 
drivers. 


Starrett Co., L. S. 
Mechanic’s hand measuring 
tools; precision instruments; 
dial indicators; steel tapes, 
knives, ground flat stock, 
metal-cutting saws. 


Steco Corp. 
Cutting fluids, especially adapt- 
able to tapping operations. 


Steel 
Weekly magazine of news in 
metals industry. 


Steel City Testing Machines, Inc. 1727 
Machines for mechanical and 
physical testing of metals and 
alloys. 


Stimpson Co., Inc., Edwin B. 628 
Attaching machines; eyelets; 
rivets; grommets and washers; 
snap fasteners; hole plugs; 
screw machine parts. 


Stokes Corp., F. J. 542 
Vacuum melting and heat 
treating furnaces; high vacuum 
pumps; components for vacu- 
um systems. 


Storch Products Co. 928 
Ceramic composite tools (mag- 
netic) for holding metals in 
assembly fixtures and in spot 
welders. 


Struers Chemical Laboratory,H. 119 
See Wm. J. Hacker & Co., Inc. 


Supreme Products Corp. 
“Versamatic” reversable speed 
reduced drilling and tapping 
attachments; chucks of various 
designs. 


1529 
1440 


1256 


1748 


1449 


Surface Combustion Corp. 648 
“Power-Convection” system for 
rapid circulation of atmos- 
pheres within heat treating 
furnaces. 

Swift & Co., 

General Soap Dept. 920 
Lubricants and coating com- 
pounds. 


Tatnall Measuring Systems Co. 1159 


See Budd Co. 

Techline Division, 

Wheelabrator Corp. 1733 
Barrel finishing equipment; 
wet blast equipment. 

Tempil Corp. 225 
Temperature-indicating crayons, 
coatings and pellets. 

Texas Co. (Texaco) 965 
Metal working lubricants; 
quenching oils; oil for 
hydraulic pressure systems. 
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Thomas Publishing Co. 
Publisher of Industrial Equip- 
ment News and the annual 
Thomas Register of Manufac- 
turers. 

Tin Research Institute, Inc. 815 

TOCCO Division, 

Ohio Crankshaft Co. 
Induction heating and heat 


treating equipment (auto- 
matic) . 
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1530 


Torsion Balance Co. 
Hardness testers and analytical 
balances. 


Tree Tool & Die Works 
Milling machines and 
accessories. 


1829 


Tubular Micrometer Co. 1629 
Precision measuring equipment, 


optical and mechanical. 


Tubular Rivet & Stud Co. 
Tubular and split rivets; nuts; 
electrical contacts; rivet setting 
machines. 


Turco Products, Inc. 
Strippable coatings; aluminum 
conversion coatings; phosphate 
coatings. 
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1724 


Union Carbide Corp. 527 
See the following divisions: 
Haynes Stellite Co. 
National Carbon Co. 
Union Carbide Metals Co. 


Union Carbide Metals Co., 
Division of Union Carbide 
Corp. 527 
Titanium; chromium; manga- 
nese; ferro alloys; deoxidizers. 


United Scientific Co. 820 
See Unitron Instrument 
Division 


United States Gypsum Co. 1660 
Plasters for foundry molds; 
plastic patterns, jigs and 


fixtures. 
Unitron Instrument Division, 
United Scientific Co. 820 
Microscopes and other optical 
instruments. 


Universal Castings Corp. 1656 
Precision, vacuum-cast shapes 
in brass, bronze, copper and 
aluminum; high-strength a!- 
uminum castings. 

Valvoline Oil Co. 1460 


See National Refining Co. 


Vanadium-Alloys Steel Co. 536 
Tool steels; special steels for 
aircraft and missiles; vacuum 
melted steels; pre-alloyed metal 
powders. 

Vanadium Corp. of America 640 
Ferro-alloys; uncommon metals 
of commercial purity; chemi- 
cals for the metals industry. 


Vapor Blast Mfg. Co. 1512 
Liquid and vapor blast honing 
machines. 

Wah Chang Corp. 1560 

Wales Strippit, Inc. 1667 


Metal fabricator; template 
drilling machine; punches; 
dies, notching units; nut 
fasteners. 


Walker Peenimpac Machine Mfg. 
Division 
Walker Pump Co. 947 
Airless blast for cleaning and 
peening. 


Walker-Turner Division, 


Rockwell Mfg. Co. 1750 
Power tools for industry. 
Wallace Supplies Mfg. Co. 941 


Bending machines and cutting 
saws. 


Waukee Engineering Co. 1235 
Flow meters; washers; com- 
pressors; gas-air mixers. 

Welding Design & Fabrication 1555 
Technical publication. 

Wells Mfg. Corp. 1729 


Wells & Sons, W. F. 1344 
See Diamond Saw Works, Inc. 


West Instrument Corp. 1715 
Temperature recorders, control- 


lers, indicators; thermocouples. 


Westinghouse Electric Corp. 1630 
Alloys—electrical, thermo-con- 
stant, heat resistant; motors; 


control devices; gearing. 


Weston Instruments, 

Division of Daystrom, Inc. 
Recorders, controllers, ther- 
mometers, relays, tachometers, 
electrical indicating instru- 
ments. 


1649 


Wheelabrator Corp. 1536 
(See also Techline Division) 
Airless blasting for cleaning, 


finishing and peening. 


Wheelco Instruments Division, 
Barber-Colman Co. 1455 
Potentiometer-type strip-chart 
and round-chart (circular 
scale) recorder controllers, with 
various reset controls. 


Wilson, Inc., K. R. 
Hydraulic presses, punches, 
dies and related products. 


1566 


Wilson Mechanical Instrument 
Division 
American Chain & Cable Co., 
Inc. 953 
Semi-automatic microhardness 
tester; “Twin Testers”, reading 
both Rockwell and superficial 
scales; Tukon microhardness 
tester, fixtures, work tables. 


Winslow Product Engineering 
Corp. 
Automatic drill point grinder; 
pneumatic tools. 
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Overcoming 
the 


Producibility 


Barrier... 


Producibility, the degree to which a part 

; can be made economically 

in the quantities needed, 

is of great significance today to manufacturers 
of metal goods. The reason: 

All companies are faced with a severe problem 
of keeping costs in line to stay competitive. 
There is pressure from increasing wages 

and higher cost materials. 

To compensate for these, manufacturers 

must look to improved technology for new ideas 
which will increase the efficiency 

of their production operations. 

The following pages, constituting a special 
“metal month” feature, offer many suggestions 
for overcoming producibility problems 

by use of improved metal forming techniques . . . 
by more suitable selection of everyday metals 
(p. 129) ...and by making better use 

of atmospheres in heat treating 

and metal processing (p. 144). 

The ideas suggested cut across 

many areas — everyday products, aircraft, 
missiles and atomic energy. 

Techniques developed to solve a problem 

in one industry can often benefit 

other manufacturers. 


... with improved forming techniques 


Hot Forming Sheet Metal Parts 


Tue crowixc pemanp for high-strength 
high-temperature parts made from sheet metal 
accounts for the increasing interest in hot form- 
ing. At Ryan, the method is employed to manu- 
facture parts from 17-7 PH stainless, and com- 
mercially pure titanium Ti-75 A. 

The forming problems encountered with tita- 
nium were initially overcome by using slow strain 


Fig. 1 — Degrees of Spring Back Versus 
Forming Temperature for Ti-75 A Tita- 
nium Sheet. Bend of 90° over a 3 T ra- 
dius, longitudinal and transverse samples 
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By ALFRED F. HOFSTATTER* 


rates at room temperature. Unfortunately the 
spring back is never consistent, varying any- 
where from 2 to 15°. Because of this, engineers 
have no basis on which to calculate the over- 
bending spring-back allowance. To overcome 
the erratic spring back and to avoid the use of 
slow strain rates, hot forming techniques were 


developed. 
Define Conditions 


The first consideration in working with tita- 
nium was to determine what minimum tempera- 
ture was needed. A series of simple 90° bend 
tests was made in a closed die, using sheet 0.020 
and 0.040 in. thick. Just enough pressure was 
used to close the die so that each sample was 
bent to 90° over a 3T radius. When released 
from the die, the permanent bend in the sample 
was measured and subtracted from 90° to derive 
the spring back. These tests were repeated at 
various temperatures, resulting in the curves 
shown in Fig. 1. Elevated-temperature bending 
was done by heating the die and sample to tem- 
perature, applying pressure to form, and holding 
for 3 min. This is essentially a hot forming and 
stress-relieving operation combined. Data in 
Fig. 1 show that virtually all of the spring back 
is eliminated by forming at 800° F. or above. 
While this may vary with material thickness, 
bend radius, or configuration of forming, actual 


*Assistant Chief Metallurgist, Ryan Aeronautical 
Co., San Diego, Calif. 
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production experience proves the 800° F. mini- 
mum to be realistic. 

In addition to spring back, some consideration 
must be given to mechanical properties of the 
alloy. To take advantage of its high elongation 
and low yield strength, it is desirable to form 
Ti-75 A above 800° F. Thus, consideration of 


Fig. 3— Preformed  Tita- 
nium Part Is Placed in Hot 
Creep Forming Die. The 
press applies lateral and 
vertical pressure to creep 
form the part to die contour 
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Fig. 2— Titanium Part Hot Formed in One Ham- 
mer Strike. The holding bead will be trimmed off 


the mechanical properties and the spring back of 
the alloy establishes the lower hot forming limit 
at 800° F. 

The upper temperature limit is determined by 
the tendency of titanium to pick up oxygen. 
Tests show that heating to 1050° F. for a maxi- 
mum of 2 hr. does not appreciably embrittle the 
surface due to oxygen absorption. Combining 
all these considerations, a hot forming range of 
800 to 1050° F. was considered satisfactory for 
the alloy. 

Figure 2 shows a typical part which was hot 
formed with a drop hammer. The majority of 
parts can be finish formed in one hit; parts re- 
quiring deeper draws must be staged (reheated 
and rehit). This type of hot forming is satisfac- 
tory for parts that demand normal dimensional 
tolerances, but for critical tolerances another 
method of hot forming has been developed. 
This method is called hot creep forming. 


Hot Creep Forming 


Strength-vs.-temperature data on Ti-75 A show 
that the curve for 10% per hr. minimum creep 
rate is below the yield strength curve above 
750° F. This very low creep strength (4000 psi. 
at 1000° F.) is utilized to hot form parts accur- 
ately. Creep deformation will take place if a 
part is held under pressure at 1000° F. for a suffi- 
cient period of time. 
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Fig. 4— Door Panel Made 
Entirely From Titanium. 
All ribs and other internal 
structures are either hot 


formed or hot creep formed 


The procedure for creep forming a part is first 
to preform the configuration by any of the con- 
ventional methods. The preforming is usually 
done at room temperature, and little or no allow- 
ance is made for spring back. The preformed 
parts are then placed in a steel die heated to 
1000° F. and the die is closed, which allows the 
part to heat and hot creep form under pressure. 
The length of time under pressure varies from 
10 to 30 min., depending on part configuration. 

Figure 3 shows a typical creep forming die. 
Curved channels or zee sections which are 
formed on large flat dies lend themselves to this 
method. All parts made by creep forming have 
contour and bend angle tolerances. Figure 4 
shows the inside of a door panel made from hot 


Overcoming 


the 


Producibility 
Barrier... 


Suir castinc Is BECOMING increasingly im- 
portant. Essentially another powder metallurg- 
ical technique, it has its own specific advantages 
and disadvantages, its own process capabilities 
and its own particular areas of producibility. 
Unlike hot pressing, it is a room-temperature 
forming operation; unlike cold pressing, it re- 
quires no hardened steel or carbide dies; unlike 
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creep formed ribs. Because the skin material 
is extremely thin (0.016-in. thick titanium sheet), 
the individual ribs must be very accurate to ob- 
tain a smooth skin contour. Tolerance require- 
ments of 0.5° for angles and +0.010 in. to true 
contour can be maintained on these rib sections 
by hot creep forming. 

The use of elevated-temperature forming of 
sheet metal parts is becoming more prevalent 
each year. Hot formed 17-7 PH and titanium are 
but two examples of how fabricating problems 
associated with new high-strength materials can 
be solved. The specific details on the use of 
die quenching for manufacture of parts from 
17-7 PH will be given in next month's issue of 
Metal Progress. rs) 


Slip Casting 


By L. M. SCHIFFERLI, Jr.* 


powder extrusion, it requires no presses. 

The process is fairly simple in outline. It 
consists of five steps: (a) preparing concentrated, 
stable suspensions of finely ground materials in 
a liquid; (b) pouring these suspensions into 
absorbent molds; (c) removing the partially 


*Staff Development Engineer, Haynes Stellite Co., 
Division of Union Carbide Corp., Kokomo, Ind. 
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dried and solidified shapes from the molds; (d) 
drying completely, and finally (e) sintering to 
increase density and strength. 

Many materials have been successfully fabri- 
cated by slip-casting methods. Among them are 
kaolinite, halloysite, montmorillonite, alumina, 
magnesia, thoria, silica, tungsten, molybdenum, 
tantalum, stainless steel, molybdenum disilicide, 
silicon nitride and titanium carbide. This list 
can be extended by adding mixtures such as 
chromium-alumina cermets, stainless steel- 
uranium dioxide cermets, and titanium-zirconia. 
This listing is by no means complete, since almost 
all solid materials capable of being reduced to 
fine powders can be slip cast if economics war- 
rant it. 


Powders Need Certain Properties 


Materials to be slip cast must have definite 
characteristics. Particle size is usually less than 
325 mesh (44 microns), preferably less than 5 
microns average size. This size range is gen- 
erally finer than required for other powder metal- 
lurgy methods. Particle size distribution must 
be as broad as possible commensurate with aver- 
age size. Thus, the apparent density of the 
powder must be high. Spherical or “chunky” 
powders are required. Fibrous or platelet-type 
powders are cast with difficulty. Again, solid 
rather than spongy or porous powders are pre- 
ferred, although a degree of surface roughness is 
permissible. Materials must not react with 
either the suspending medium or dispersing 
agents. Freedom from absorbed gases or ions 
is desirable, and soluble impurities must be kept 
to a minimum. 

A variety of liquid suspending media and dis- 
persing agents are required. Water is almost 
universally used because of its low cost, avail- 
ability, and low volatility. However, easily hy- 
drated pure oxides such as calcia and magnesia 
require absolute alcohol. Certain refractory 
metals, such as tungsten and molybdenum, which 
may react with water to form complexes, are sus- 
pended with less difficulty in liquid cyclic hydro- 
carbons. 


Particle Suspension Is Important 


The nature and function of the suspending or 
deflocculating agent for preparing slips warrants 
some discussion, since it is upon this one item 
that the over-all success of the process depends. 
Materials to be slip cast are usually heavier than 
water, and would ordinarily settle rapidly. Suc- 
cessful dispersing agents greatly retard this 


100 


settling either by significantly increasing the 
viscosity of the suspending medium, or by caus- 
ing the suspended particles to capture a diffuse 
ion cloud, resulting in their mutual electrical 
repulsion. Sometimes, both actions occur. Ex- 
amples of the first type are alkaline salts of alginic 
acid, sodium carboxymethyl cellulose and acrylic 
acid polymer. 

Simple, monovalent electrolytes, such as acids 
or alkalis, can also be used. The primary dif- 
ference resulting from use of these agents is the 
viscosity of the slip. Slips made with simple 
electrolytes are generally much thinner than 
slips made with the organic compounds men- 
tioned before. As a consequence, casting time 
(that is, the time required for solidification in 
the mold) for each type of slip is grossly different. 
For the former, 10 to 20 hr. is needed; sig- 
nificantly less than 1 hr. is required for the latter. 
Faster casting slips are necessary for producing 
thin-walled drain castings, the area where slip 
casting is especially attractive economically com- 
pared to other powder metallurgy methods. On 
the other hand, organically dispersed and sus- 
pended slips are generally better for solid cast- 
ings of all types. 


Patterns and Plaster Molds 


Besides the three basic slip ingredients just dis- 
cussed, the only other materials needed for slip 
casting are patterns and plaster molds. Patterns 
are so similar to those used in conventional sand 
foundry practice that further descriptions are 
unwarranted. Plaster mold preparation is simi- 
lar to that used in the ceramic industry, with the 
exception that “block molds” and “case molds” 
are rarely made. The working mold is normally 
“pulled” from the pattern directly. However. 
as demands for any one configuration increase, 
this is one area for potential savings. Properly 
prepared molds are inexpensive to make and, 
given proper care, will last a long time. Mold 
cost per piece will be nominal, even though a 
relatively small number of pieces is required. 


Other Equipment 


Compared to other powder metallurgy 
methods, slip casting requires only a modest 
investment in capital equipment. Only a timer- 
controlled propeller mixer and scales are needed 
for plaster mold making. Slip mixing is accom- 
plished by mixers which can impart a high degree 
of shear to the slip. Liquid handling equipment 
(such as hoses and pumps), mold drying ovens. 
and quality control instruments such as a viscom- 
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Fig. 1 — This Wide Variety of Shapes Can Be Produced by Slip Casting 


eter and pH meter are needed for slip casting. 
The largest single investment goes into sintering 
equipment because of stringent requirements. 
Furnaces must attain the necessary temperatures 
(as high as 3200 to 3300° F. for slip-cast tungsten) 
and provisions for suitable protective atmos- 
pheres (or a vacuum) are needed. 


Advantages of Slip Casting 


The particular advantage of slip casting is its 
adaptability. Small or large shapes, either geo- 
metrically simple or complex, can be produced 
with about the same ease. Currently, the process 
seems particularly well suited for producing a 
limited number of any one shape. (A production 
run of several hundred pieces would not result 
in significantly less cost per piece than a run of 
about 50 pieces.) If the desired shape is such 
that more common methods (cold pressing, for 
example) could be used, and if the quantities 
involved would result in nominal die cost per 
piece, such methods would be significantly more 
economical than slip casting, primarily because 
of greatly reduced labor cost per piece. Present 
slip-casting methods are slow compared to other 
techniques. Consequently, labor 
higher. 

A wide variety of sizes and shapes can be 
produced by slip casting. Figure 1 illustrates 
several examples. While some of the pieces, 
especially the various ring sections, could have 
been cold pressed, other pieces such as the 
closed end thermocouple protection tubes and 


costs are 
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the curved segments in the rear could only have 
been economically made by slip casting, since 
the material used is completely unworkable by 
any conventional metal-forming method. 

Because the raw materials are fine grained, 
slip casting is not ideally suited for producing 
shapes having sections much over about 1 in. 
thick. Thicker sections are prone to cracking 
and also introduce gating and feeding problems. 
While the solid content of well-dispersed slip is 
high, usually over 80% by weight, it is only 40 to 
50% by volume. Volume contraction of the slip 
during casting is thus very high. Gates must be 
large, and castings must be fed constantly to 
compensate for the liquid absorbed into the 
porous molds. Thick-sectioned pieces could per- 
haps be best fabricated by hot pressing, provid- 
ing graphite molds do not contaminate the final 
product. Design specifications such as fillets at 
sharp corners, uniform sections, draft clearances 
for mold release, and the like are similar to, but 
considerably more lenient than, those required 
for other powder methods in general. 

Aside from being useful for forming thin- 
walled complex shapes from powdered materials 
unfabricable by other methods, the slip-casting 
process has certain other advantages. Although 
gravity is the only compacting force, “green” 
(that is, dried and unsintered) shapes compare 
favorably with cold pressed compacts and, in 
addition, are considerably more uniform through- 
out the piece. Thus, differential densities within 
the piece, which could result in wide variations 
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in shrinkage during sintering, are rare in slip-cast 
ware. This is especially important when pro- 
ducing shapes having large length-to-diameter 
ratios. Sintered densities, although slightly less 
than those obtained by hot pressing, compare 
favorably with densities produced by cold press- 
ing and sintering, and are usually over 90% of 
theoretical. 

A bright future for slip casting as a production 
process seems assured. The variety of dispersing 
agents will undoubtedly be extended to permit 
other materials, having coarser particle size, to 
be more economically cast into larger sizes. Cer- 


Tooay, TUBE BENDING has been developed 
into a precisign metal forming or “drawing” 
operation, and the tube bending machine has 
become a highly refined forming tool. The 
same techniques and machines that bend the 
sink traps found in every modern home form 
the solid copper coils of the gigantic electro- 
magnets which explore the mysteries of the pro- 
ton in the world’s largest atom smasher. Our 
space rockets are packed with precision bent 
tubing, and our children’s school furniture has 
tubular frames. 

Typical bending applications may be cited: 
Stainless steel tubing, 8 in. in diameter, with a 
wall thickness of 0.020 in., is bent for use in 
modern jet aircraft. High-pressure steam boiler 
tubes, 2.75 in. in diameter with walls 0.150 in. to 
0.500 in. thick, are bent on centerline radii of 
2.75 in., with thinning of the outer wall held 
to 5% or less. A machine that develops over 
240,000 ft-lb. of bending torque is now forming 
rolled steel channel into frame units for heavy 
road machinery. In each instance, bending has 
reduced costs and improved quality. 


New Developments 


Designers constantly search for materials of 
higher strength with greater heat and corrosion 
resistance. This has required refined bending 
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tain phases of the process, especially casting, can 
be automated to reduce labor costs. While slip 
casting will never replace more conventional 
powder metallurgy methods, it will be used in- 
creasingly to supplement them, especially in 
areas where its low tooling costs and wide capa- 
bilities can be capitalized upon. In spite of high 
development costs (because of the great number 
of variables which must be calibrated and con- 
trolled), a reproducible production process can 
be evolved for a variety of materials. For those 
who want more information, a list of references 
is given on p. 302. S$ 


Tube Bending 


By J. E. HAWKING* 


techniques and equipment. The newest of these, 
particularly useful on those applications involv- 
ing extremely thin sections and tight radii, is the 
“direct-acting pressure die”. Figure 1 shows a 
machine bending a 6-in. tube with a wall thick- 
ness of 0.049 in. to a centerline radius of 12 in. 
The pressure die or “follower block” is operated 
from a hydraulic cylinder directly in line with 
the die. This permits the pressure die to “float” 
slightly to suit minor variations in tube size and 
wall thickness while preventing wrinkles from 
forming in the bend. More important, however, 
the movement and force of this die are governed 
from an independent hydraulic source that per- 
mits instantaneous pressure settings with a 
direct-reading gage. This simplifies tool setup 
and reduces setup time. 

Figure 2 shows the largest machine ever built 
to bend thin-walled tubing for aircraft. This 
machine includes many innovations. Again, the 
direct-acting pressure die is included. Form die 
deflection is reduced by using an overhead die 
support, integral clamping and the in-line pres- 
sure die. Adjustments, made from a setup con- 
sole, establish the predetermined pressures for 
each particular tube size and radius. The pres- 
sure die, clamp die, mandrel extractor, and tube 
booster assemblies are all adjustable to suit each 
~ *Pines Engineering Co., Inc., Aurora, Til. 
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Fig. 1 — Bending Machine 
Tooled to Form 6-In. 
Aluminum Tubing. Hy- 
draulic cylinder applies 
pressure die force direct- 
ly in line with the tube 


different tube size and radius. Adjustments are 
push-button motorized to simplify setup and 
reduce setup time. The push-button control 
pedestal regulates machine operations during 
production. It includes an electric speed control 
and indicator dial. 

Speed can also be controlled by an inter- 
changeable cam plate mounted on the machine. 
In lieu of the conventional swinging arm, the 
mammoth clamping mechanism is rotated 
through the forward bending motion by the 
form die itself, and returned independently to 
the starting position to provide clearance for 
unloading of the bend. 

Figure 3 shows a machine for bending high- 
pressure steam boiler tubing. A_ hydraulic 
“booster”, tracer-controlled, places the induction 
heated tube in compression during bending. 
This reduces thinning of the outer wall to 5% 
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Fig. 2— Largest Bender 
Ever Built for Aircraft 
Work. Operator at set- 
up poe determines 
die pressure and boost- 
er force settings. Mul- 
tiball mandrel can be 


seen in form die groove 


maximum. Tubes from 1.5 to 3 in. diameter 
with wall thicknesses up to 0.500 in. are bent to 
centerline radii equal to the tube diameter (Fig. 
4). The ability to bend to such small radii per- 
mits the designer to get more surface area into a 
smaller space. Furthermore, control of wall 
thinning permits him to save at least one and 
possibly two gages of wall thickness. This devel- 
opment promises application in our space-missile 
industry where strength and weight are of para- 
mount importance. 


Hydraulic Bending Presses 


The greatest news in the tube fabricating in- 
dustry, however, is the recent development of 
hydraulic bending presses. Through extensive 
development work in tooling and drawing-pres- 
sure controls, bends can now be made to very 
close radii. In many instances these bends can- 
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i Fig. 3— Selective Heating 
From the Induction Unit 
? Allows Boiler Tubing up to 
3 In, Diameter With 0.500- 
In. Wall to Be Bent to a 
1x D Radius With Less 
Than 5% Wall Thinning . 
Fig. 4—Cutaway Sec- 
tions of Boiler Tube 
Bends Show How Induc- 
tion Heat and Booster 
Force Reduce Wall Thin- 
ning to a Minimum in 
Low-Carbon Steel Tube 
3 
t 


2% In. O.D. 
0.200 In. 
Wall 


2 in. O.D. 2% In. O.D. 


0.165 In. 
Wall 
Fig. 6— Multiple Bending Press Forms Two 
Fig. 5 — Automotive Exhaust Tube Being Formed “U” Frames From Tubing in Single Stroke. 
by “Pass-Through” Bending on 20-Ton Hydraulic Note flattened section that mates with similar 


Press. Note variety of bend planes and angles piece for welding into a chair leg frame 


In. O.D. 


not be distinguished from mandrel-supported 
bends by even the experienced eye. Simple 
automatic indexing of the ram stroke control 
provides extreme flexibility by changing the 
angle of bend instantaneously. Multiple form- 
ing operations can make bends as fast as stamp- 
ings, and advanced press design provides clear- 
ance around the tooling area to permit forming 
complex shapes. Figure 5 shows a 20-ton hy- 
draulic press widely used for forming automotive 
exhaust tubes. The trend in the automotive 
industry toward larger tubes with heavier walls 
has even led to the design of a 40-ton capacity 
press which can form tubes up to 4 in. diameter. 
This new model, now under construction, will re- 
tain the high production speeds of smaller units. 

The press shown in Figure 6 is a more special- 
ized model designed to make two bends simul- 
taneously in each of two tubes. It finds its main 
use in making school, dinette and outdoor furni- 
ture. Collapsible dies permit easy loading and 
unloading of the tubes. Angles of the two bends 
need not necessarily be identical, and the 2-sec. 


Overcoming 
the 
Producibility 
Barrier... 


Russer rorsnc of sheet metal parts goes 
back to the early thirties. Up to that time, sheet 
metal details, such as nose ribs, contoured frames 
and the like, were made almost completely by 
hand; matched metal dies were far too expensive 
for the number of parts required. 

During this period, Henry Guerin of the Doug- 
las Aircraft Co. developed the idea of enclosing 
rubber in a head which is attached to the ram 
of a hydraulic press. This design produced 
more internal rubber pressure and brought about 
more completely formed parts. 

This invention brought significant economies, 
with no additional cost of tooling over that of 
the hand form blocks. Parts could be press 
formed much faster, and the amount of hand 
work needed to finish the form was consequently 
reduced. As time went on, many refinements 
were made in the Guerin process. Each made 
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cycle of the machine permits production speeds 
up to 3000 bends an hour. The machine illus- 
trated is tooled to form two “U” frames at once, 
from 1%-in. O.D., 16-gage steel tubing. As bends 
are formed, the press also automatically flattens 
a section in the center of the “U”. A second set 
of tools forms frames with the flat section on the 
top of the frame. When the two parts are 
assembled and welded, they form the legs and 
seat support for a chair. The flattening operation 
is an example of how some operations, formerly 
performed as a secondary production step, can 
be incorporated into the bending cycle. 

Filling the demands of industry for greater 
production speeds at lower cost is the goal of 
further development. Automatic machine cycles, 
automatic loading and continuous operation 
through programed controls are foreseen in the 
near future. Whenever metal must be shaped, 
the possibility of forming, rather than casting or 
cutting, should be kept in mind, and the advan- 
tages of the cold bending process should be 


considered as a practical production solution. @ 


Rubber Forming 


J. E. BRODERICK* 


the process more efficient by reducing the 
amount of hand work required to produce a 
finished part. 

After World War II, the Martin Co. pioneered 
in the development of deep drawing with rubber. 
In this method, the outer area of the metal blank 
is gripped between rubber and draw plate. As 
the plate descends, it allows the material to en- 
compass the punch in a controlled uniform flow, 
thereby producing a deep drawn part free of 
distortions and wrinkles. The part is completely 
formed, requiring little or no hand finishing, and 
tooling is extremely economical compared to 
draw dies.t 

*Senior Manufacturing Engineer, Baltimore Div., 
Martin Co., Baltimore, Md. 

+Several machines employ this method of rubber 
drawing such as Martin's Marform, Cincinnati Mill- 
ing Machine Co.’s Hydroform, Convair’s Hi-draw. 
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Just as the Guerin process brought about great 
savings in forming details with simple shapes, 
the rubber draw method has made the forming 
of complex and deep drawn shapes far more 
economical. Before this process was developed, 
parts that required severe forming were made on 
draw dies, drop hammers or spinning lathes. 
All three of these methods were expensive for 
low-volume aircraft production. For parts that 
can be formed by the deep draw rubber process, 
the costly tooling needed for the above methods 
has been replaced by a male die and a simple 
draw plate. In addition to the savings in tooling 
costs, setup time for the process is negligible 
when compared to that for drop hammer or 
matched metal dies. Also, where a part may 
require 30 min. for spinning, or 15 min. for drop 
hammer forming, the rubber draw method pro- 
duces the part in about a minute. Together, 
these advantages make the method especially 
economical in producing small lots. 


Some Other Methods 


There are two other processes of rubber form- 
ing known as impact rubber forming and the 
Wheelon process. Considerable experimenting 
with the drop hammer is being carried out since 
greater pressure on the rubber gives better forma- 
tion of parts. This is being done with a drop 
hammer with a rubber pad and retainer which 
are attached to the hammer ram. 

In an attempt to obtain greater pressures, an 
explosive charge has been set off in the cylinder 
of a Ceco stamp (an air-operated drop hammer) 
to speed the hammers downward movement. 
Where hydraulic presses, fitted with rubber pads, 
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Fig. 1—The Guerin Rubber Forming Press 
and Some Parts Made With It. This process is 
useful for simple parts made from flat sheet 


cannot furnish enough pressure for particular 
jobs, the impact method becomes advantageous. 
However, the relatively small working area of 
the pad limits this rubber forming method to 
rather small parts. 

The Verson-Wheelon press can apply ex- 
tremely high pressure over a large working area. 
This is achieved by a rubber diaphragm con- 
tained between the head and bed of the press. 
The head of the press contains hydraulic fluid 
that applies pressure to the diaphragm. This, in 
turn, applies pressure against the blank to form 
it around the tool. 

After rubber forming came into existence, the 
design engineer was constantly urged by the tool 
engineer to design parts that lend themselves 
to rubber forming. The configuration of these 
parts was not always considered to be the opti- 
mum design because the engineer was required 
to design flutes and cutouts in the shrink flanges. 
Rubber forming could not shrink the material 
adequately. Such designs were lower in 
strength, and this dictated the use of heavier 
gage material with consequent increase in 
weight. However, if optimum design had been 
used, production methods far more costly than 
the rubber forming process would be needed. 

Later improvements in rubber forming re- 
duced the need for hand forming, but only at 
the penalty of more complex and costly tools. 
Today, the deep draw rubber method has given 
engineers greater flexibility in designing stronger 
and lighter parts. 
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Fig. 2— The “Marform” Press and Parts That 


It Makes. Items A, B, C, D and E are of 
aluminum from 0.008 to 0.500 in. thick. G is 
also aluminum, but was painted before being 
formed. H is made from aluminum reflector 
stock. F is made from Type 321 stainless steel 


Laminated Rubber Pad— 


Until recently these rubber forming methods 
were used almost exclusively on aluminum alloys. 
But with the sudden revolution that has taken 
place in aviation in the last few years a new 
set of problems now confronts the engineer. 
With today’s demands for vehicles that will fly 
faster, higher and farther than we had ever 
dreamed, he is faced with new environmental 
conditions which aluminum will no longer meet. 
He is now required to design vehicles to be made 
from high-strength steels, titanium alloys, and 
refractory metals. 

Extensive research is being carried on to de- 
velop techniques for forming these materials. 
Surprisingly, preliminary results indicate that 
several of these metals can be formed by the 
deep draw rubber process nearly as easily as can 
aluminum, except that more pressure is required. 
It is surprising simply because the deep draw 
rubber process was designed principally for alu- 
minum. Since there were no requirements for 
forming these new materials, the full potential of 
the process was never explored. To use these 
new-found potentialities, the tool engineer is 
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applying ideas to this method that are achieving 
results he never suspected. Ultra-thin foils are 
now formed free of wrinkles, and difficult con- 
figurations are made from high-strength steels 
with heavy gages. For example, dome-shaped 
parts, 24 in. in diameter, are being drawn from 
A.LS.1. 4335 steel (modified with vanadium) in 
thicknesses up to 0.375 in. Hexagonal Inconel 
cups, 3 in. across and 0.002 in. thick, are drawn 
on a production basis. These parts are containers 
for insulating material to be used with brazed 
steel honeycomb structures. In another applica- 
tion, Haynes alloy 25, 0.005 in. thick, was drawn 
into pan-shaped components that formed the 
face and edge members of a brazed honeycomb 
panel. A tolerance of + 0.002 in. was consis- 
tently maintained on these pans. 

Each of the rubber forming methods described 
above has its place, depending on the design 
and configuration of the parts to be produced. 
These methods provide the tool engineer with 
a broad selection of fabrication techniques. The 
most economical method for a given quantity, 
tool cost and span time can thus be chosen. 
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Rubber forming processes are also proving 
highly economical for experimenting with the 
new exotic materials required in the missiles 
and space ships that are being developed today. 
As the design engineer utilizes these new mate- 
rials, that will withstand the stress and heat of 
the environmental conditions encountered by a 
vehicle going out into space, he must know the 
abilities and limitations of each before he can 
design them into a vehicle. Most important of 
all, he must know whether the manufacturing 
department can fabricate components from these 
materials. It is here that the rubber forming 
processes are again proving their worth. 

If matched metal dies had to be made for 


Overcoming 
the 
Producibility 

Barrier... 


Tre processt uses the tech- 
nique of controlled chemical dissolution of metal 


to achieve a specific design configuration. Rate 
of metal removal depends only on the composi- 
tion and temperature of the etchant. It is not 
only independent of physical characteristics 
(such as hardness or toughness), but the initial 
shape of the metal part is a restriction only if it 
limits the uniform contact of the liquid etchant 
upon the surfaces to be milled. Because metal 
can be removed uniformly from complex shapes, 
intricate patterns, and difficult-to-machine mate- 
rials, this process is now used by most airframe 
manufacturers. 

In describing the applications of chemical 
milling to airframe designs, comparisons are 
often made to machine milling. However, the 
process should not be regarded as performing 
the same operations in a new manner. Right- 
fully, it is another fabrication process with defi- 


*Mr. Gault and Mr. Shepherd are senior research 
engineers for North American Aviation, Inc., 
Downey, Calif. Mr, Muller is supervisor, technical 
services, Chem-Mill and Coatings Div., Turco Prod- 
ucts, Inc., Wilmington, Calif. 

tChem-Mill is a registered trademark of North 
American Aviation, licensed to Turco Products, Inc. 
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each different configuration to determine the 
limitations of these metals, the cost would be 
exorbitant. But with the rubber forming proc- 
esses, many configurations can be inexpensively 
tested. 

Regardless of the pride that may be felt for 
these advancements, the aircraft industry be- 
lieves that the full potential of the deep draw 
rubber process is still to be realized. As metals 
increase in strength, forming pressures must in- 
crease. Some forming experts believe that the 
near future will bring presses with larger work- 
ing areas and greatly increased pressures. Both 
are needed if larger parts of high-strength mate- 
rials are to be produced. S$ 


Chemical Milling 


By J. L. GAULT, C. €. SHEPHERD 
and H. H. MULLER* 


nite characteristics of its own. Certain types of 
parts are ideal for chemical milling, others must 
compete with machine milling, others are ideal 
as machined parts, and still others are best pro- 
duced by combining chemical milling with 
machining. Chemical milling is most advan- 
tageously used when a part has complex con- 
tours, complex milled patterns, when very tough 
or hard alloys are used, when thin sections are 
required, and when a great deal of metal is 
removed over a wide area to a shallow depth. 
In all of these instances, parts can be found that 
are much less expensive to produce by chemical 
milling than by machining. Still others may be 
considered that could only be fabricated by 
chemical milling. 

This process, like other fabrication methods, 
is influenced by part design, available equipment, 
and the ingenuity of the processor. While it is 
recommended that experienced processors be 
consulted on specific problems, several illustrative 
examples can be given. 

The simplest application is on over-all reduc- 
tion of sheet or plate where a nonstandard gage 
is required or where sheet-to-sheet gage varia- 
tions should be eliminated. Figure 1 shows 
a typical part treated in this manner. Simple, 
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Fig. 1 — Part Before and After Chemical Mill- 
ing. The original part (below) has an 0.080-in. 
gage; milling has reduced the gage to 0.032 in. 


compound and radial tapers are readily achieved 
by controlled rates of immersion and withdrawal 
from the etching solution. Step etches are 
achieved by sequential removal of predetermined 
areas of masking material. Both techniques 
allow simple fabrication of designs with con- 


Fig. 2— Waffle Pattern Etched Into a Wing Skin. 
This type of technique can be used to provide 
minimum weight structures with integral stiffeners 
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trolled load transfer.* The tapering technique 
is also used to produce parts of minimum weight 
by removing crown and linear gage variations 
from rolled sheet stock. 

Chemical milling has been widely used to pro- 
duce pocketed areas and integral land areas on 
formed and flat parts. The pattern (of the raised 
land areas and web thicknesses in the pocketed 
areas) is usually determined by the anticipated 
stress pattern. Very thin webs may be produced 
without mechanical distortion. An additional 
refinement of the pocketing technique is used to 
achieve minimum weight structures with integral 
stiffeners (see Fig. 2). These eliminate the need 
for riveting, seam welding, spot welding, or 
adhesive bonding of doubler attachments. 

Costs can be lowered by “gang-milling” a num- 
ber of parts on a single sheet at one time. Parts 
are separated after milling. 

A wide variety of casting designs become pos- 
sible when chemical milling is combined with 
normal casting techniques. Sand castings, which 
are relatively inexpensive, can often be used 
where thin webs and close tolerances are re- 
quired. This eliminates expensive dies since thin 
webs need not be precision die cast. Instead, 
parts are made oversize, and chemically milled 
for final local or over-all reduction. Essentially, 
the same approach used on castings also allows 
design of extrusions and forgings to web thick- 
nesses below those allowed by minimum die 
clearances. The forging or extrusion can be 
designed so that the final minimum thickness is 
obtained by a relatively simple local or over-all 
chemical reduction. Figure 3 shows a typical 
example. 

Where integral stiffeners, ribs, or cooling fins 
with thicknesses below the minimums allowed 
by machining are needed, the rib can first be 
machined to desired geometric shape and mini- 
mum machining thickness. The remaining 
amount is removed by chemical milling. 

The chemical milling industry has expanded 
to keep pace with the rapid increase in perform- 
ance requirements of the airframe industry. 
About five years ago, the process was limited to 


*“Controlled load transfer” can be explained by 
imagining a beam with different cross sections being 
stressed at one end. If the sections change abruptly 
(through sharp corners instead of fillets at the junc- 
tions, for example), stress raisers are present and the 
part may oH when the load shifts along the axis. 
On the other hand, if section change is gradual, loads 
can be transferred through the different sections 
without danger of exceeding design stress levels. 
Thus, “load transfer” is “controlled”. 
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Fig. 3 — This Casting Has Been Reduced by Chemi- 
a Milling. This approach can also be used on 
forgings and extrusions to produce very thin webs 


only a few aluminum alloys. Today, due to con- 
tinued research, it is possible to process a wide 
variety of metals and alloys. Virtually all alu- 
minum and magnesium alloys can be chemically 
milled. In magnesium castings, initial surface 
values of 350 to 600 rms. are reduced to 40 to 100, 
depending on the alloy and porosity of the cast- 
ing. Aluminum castings, because of porosity 
and elements such as silicon, have been much 
more difficult to mill. At the present time, how- 
ever, they have been successfully processed in 
pilot and semiproduction volumes. 

A wide variety of titanium alloys are being 
successfully milled. Surface finishes range from 
15 to 80 rms. depending upon the alloy. Most 
alloys show a negligible increase in hydrogen, 
but alloys such as 8% Mn pick up hydrogen and 
thus require vacuum outgassing. 

Many steels can be chemically milled. For 
example, the A.L.S.I. 1000 and 4000 grades, along 
with Types 300 and 400, have all been investi- 
gated. Most of them mill very satisfactorily. 
The precipitation hardening alloys such as 17-7, 
15-7, Types 350 and 355 can also be chemically 
milled. One of the first alloys milled on a pro- 
duction basis was 17-7, and an appreciable 
amount of processing experience has been gained 
over the past three-and-one-half years. 

Design requirements for chemical milling of 
Inconel and Inconel “X” on the X-15 rocket plane 
led to the development of suitable etchants and 
processing techniques for high-nickel alloys. 
High-temperature alloys such as VascoJet 1000, 
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Crucible 56, Hi-Tuf and René 41 can be proc- 
essed successfully. As demand for these mate- 
rials increases and present studies continue, the 
etchants and control procedures will continue 
to be refined. Finally, exotic metals, such as 
molybdenum, beryllium, tungsten, columbium 
and zirconium, have been investigated, and pre- 
liminary etching solutions have been formulated. 
These promise to fulfill future requirements. 

The research effort on chemical milling has 
been directed not only toward applying the 
process to an ever-increasing number of alloys 
and metals, but also to increasing process effi- 
ciency, economy and design capability. Tooling 
has been refined, and is now very inexpensive 
and simple when compared to that required for 
machining, casting or metal bonding. Further- 
more, tools are quickly and easily altered when 
changes are made in the shape of the part. 

Tolerances have been continually reduced. 
A number of processors now offer production 
tolerances of +0.001 in. on a variety of etch 
depths, and tolerances of a few hundred thou- 
sandths of an inch have been attained on special 
laboratory test runs. 


Masking and Scribing 


The most costly and time-consuming steps are 
masking and scribing. At present, the maskant 
is applied to a part by dip, flow or spray-coat 
methods. It is then either air or oven-cured to 
give it the necessary tensile strength, adhesion, 
and resistance to the etchant solution. After 
curing, the areas to be etched are exposed by 
scribing and removing sections of the mask. 

Much time, therefore, has been spent in de- 
veloping new masks and in improving present 
masking techniques. Until recently, for example, 
there was no satisfactory mask for the steel 
etchants. Now, at least one company has met 
this requirement, and deep cuts can be made in 
steel and nickel alloys. The mask can still be 
hand stripped after etching. 

A great deal of work is being done to adapt 
photosensitive masks to chemical milling. (A 
satisfactory photo mask would, of course, elimi- 
nate the tedious and costly scribing step.) At 
least one such mask has been developed and is 
currently being tested by interested companies. 
At this writing, cuts deeper than 0.300 in. have 
been successfully made. 

Masks have also been developed for applica- 
tion by silk screening. This also eliminates 
scribing. Both photo masks and silk screen 
masks are used on very complex (difficult to 
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scribe) parts. In general, the depth of cut is 
limited because very thin films are used. The 
parts should also be flat or nearly flat. 

New methods for applying masks that are now 
available have also been investigated. For 
example, most masks can be applied by electro- 
static spraying. A smoother film, freedom from 
pinholes, less overspray or waste, and a higher 
film buildup per coat are the advantages claimed. 

In an effort to improve scribing techniques, 
several companies have experimented with “hot 
knife” scribing. A heated knife or tip is used 
to melt the mask, rather than cut it. A soldering 
iron with a special, sharp tip, the tool from a 


Overcoming 


the 4 
Producibility 


Barrier... 


wood-burning set, or specially developed tools 
have been successfully used. This method elimi- 
nates (or, at least, minimizes) metal scarring, 
especially in soft metals such as magnesium or 
alclad aluminum. 

A new technique for chemical milling of 
honeycomb has recently been invented. Now, 
honeycomb can be contoured to any desired 
shape. Flat or curved surfaces (even compound 
curves) are possible. While there are many 
mechanical methods for shaping honeycomb 
core, none is as simple or inexpensive as chemical 
milling in providing unusual shapes or com- 


pound curves. 8 


High-Energy Forming 


With a Machine Tool 


Sixce THe of our high-energy 
forming machine (Model 600 Dynapak) at the 
1958 National Metal Exposition, machines with 
increased ram diameter have been developed 
and many types of prototype parts have been 
made. These range from stainless steel surgical 
pins to gas turbine blades of steel and aluminum 
bronze, from aluminum billiard cues to reactor 
fuel elements of uranium. Applications have also 
included forming of refractory materials such as 
tungsten and molybdenum at 3500° F. and above. 
Dynapak machines are now in operation in 
several leading metalworking plants. 

The early model employed a 6-in. diameter 
ram; succeeding models have been developed 
with 12-in. (Fig. 1) and 18-in. diameter rams. 
Dynapak machines are capable of forging, form- 
ing, extruding and compacting metals and other 
materials. In contrast to massive, low-velocity 
hammers or presses in general use today, high- 
energy-rate machines take advantage of the phe- 
nomenon that even hard, tough, or brittle mate- 
rials, when dynamically stressed at high unit 
pressures, exhibit a somewhat hydrodynamic, or 
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By RALPH G. MONSEES* 


quasiviscous, behavior. Materials can be shaped 
to obtain: (a) closer tolerances, (b) finer surface 
finishes, (c) thinner sections, and (d) reduced 
radii. 
High-Energy Forging 
Forgings produced by conventional steam 

hammers or hydraulic presses for our space-age 
vehicles or even for general industry leave much 
to be desired. This is particularly emphasized in 
studying some 28 conventional steel forgings 
used in one of America’s foremost interceptor 
aircraft. The forgings ranged in size up to 30 
Ib. as-received. The record shows: 

Total weight of as-received forgings 

Total weight after machining 

Chip weight 296 
Average reduction in weight from machining 77% 
The cost of machining is obvious but it repre- 
sents only a portion of the expense. To this 
must be added the high cost of the material lost 
in the chips, especially when alloy steel, titanium, 
or high-temperature materials are used. Long- 


Div., 


383 Ib. 
87 


*Manager, Dynapak, Convair 
Dynamics Corp., San Diego, Calif. 
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sought goals in metalworking include production 
of precision forgings that can be used with but 
a minor amount of machining — or, ideally, with 
no machining. High-energy-rate machines offer 
a breakthrough in this respect. Although these 
machines are just now being made available to 
industry, prototype parts formed by Dynapak 
have required relatively little finish machining 
after leaving the die. 

Figure 2 shows one of many turbine blades 
forged from various steel alloys and aluminum 
bronze on a Model 1200 machine (Fig. 1). 
Aside from a minor amount of flash trimmed 
from the blade, the part is shown in the as-forged 
condition. Of particular significance are thin 
edges of the airfoil section, maximum thickness of 
the blade, surface finish, and dimensional iden- 
tity with the die. Figure 3 shows two halves of 
the split-type die which is used in forming the 
turbine blade. 


High-Speed Forming Cycle 


With high-velocity action, material is formed 
in only a fraction of the time required by tradi- 
tional methods. This ultrashort forming cycle 
allows simplified tooling at lower initial cost, 
reduces die wear, and inhibits growth of scale. 
In contrast, slow-speed hammer or press forging 
operations involve relatively long dwell time in 
the die. Consequently, considerable heat is 
transferred from the heated billet to the die, a 
reaction that quickly reduces formability and 
metal flow. Heating the dies has, of course, 
helped minimize this problem. However, this 
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Fig. 1 — High-Energy-Rate Machine 
Tool With 12-In. Diameter Ram 


makes tooling more complex and expensive. 
Often this is not practical because die materials 
have a temperature limitation considerably below 
that required for best forging conditions. 
Although high-energy-rate forming has been 
discussed mostly in terms of forging, its advan- 
tages are generally applicable to other areas of 
forming, such as extruding and compacting. 


Fig. 2—Turbine Blade Made From 
Aluminum Bronze With High-Energy 
Forming Machine. Blade measures 2 
in. long by 1.5 in. wide. A portion 
of the rectangular billet remains intact 
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For instance, extrusions of both conventional and 
high-temperature materials can be produced 
with an improved surface finish, thinner sections, 
and precision tolerances. 


Refractory Materials 


The ultrashort forming cycle, which gives 
minimum heat transfer between the billet and 
tooling. provides an effective method of extrud- 
ing refractory metals such as tungsten, molybde- 
num, and columbium at optimum temperature 
rather than at a reduced temperature required by 
heat characteristics of tooling materials. For a 
number of commercial metals and alloys, the 
normal forging temperature is about 80% of the 
melting point, which is about 3800° F. for molyb- 
denum. Although this is an extreme example, 
the problem is simply one of degree for other 
materials. Extrusion test samples have been 
made from tungsten billets from both arc-cast 
and powdered metal. In each test, billets were 
about 1.0 in. diameter by 1.75 in. long and were 
induction heated to 3500° F. while supported in 
a Model 1200 machine. Simple extrusion dies 
made from ordinary toolsteel were used with 
reduction ratios of 16:1, 10:1, and 5:1. The 
machine was operated at about one-fourth capac- 
ity output with a velocity of 600 in. per sec. 
Extrusions were made from the powdered billets 
at reduction ratios of 5:1 and 10:1. Arec-cast 
billets were extruded with 16:1, 10:1 and 5:1 
reduction ratios. 

Turbine blades such as shown in Fig. 2 have 
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Fig. 3—Two Halves of the Split-Type Die 
Used to Form Turbine Blade Shown in Fig. 2 


been traditionally made by a casting process. 
By applying high-energy-rate forming, however, 
parts like this can be formed with all the shape 
and dimensional advantages of a casting, together 
with the grain, flow lines, and strength realized 
from the forging process. Aside from the ob- 
vious economic advantages, this allows consider- 
able weight reduction in parts — a factor which 
is of utmost importance to manufacturers of air- 
borne vehicles. Furthermore, the allowable 
strength of cast parts is in some instances the 
limiting factor in performance. Thus, by making 
these new “cast” shapes much stronger than can 
be done by casting, performance of the end 
product can be upgraded. 


Powder Metallurgy 


High-energy-rate compaction of raw metal or 
ceramic powders or secondary pressing of the 
compact offers interesting possibilities. Even 
tually it should be feasible to produce solid (full- 
density) metal from powder instead of casting 
conventionally produced billets or ingots. High- 
energy-rate compaction will allow much larger 
parts to be produced than is now possible with 
conventional presses. Also, the high unit work- 
ing pressures will produce much higher densities 
with greatly improved physical properties. It is 
not outside the realm of possibility that parts 
such as turbine blades could be produced directly 
from metal powders rather than from billets. @ 
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Extrusion, the precision process which 
forms metals under pressure into simple and 
complex solid and hollow shapes, is coming to 
the front to satisfy the needs of manufacturers 
of consumer products and to meet the demands 
of the aircraft, rocket and atomic industries. 
In hot extrusion, metal in the plastic state 
assumes the shape of the die orifice. 


Size Limitations 


Limitations of extruded shapes with respect 
to size, weight and shape are determined by the 
following factors: cross-sectional area, circum- 
scribing circle, length, complexity, thickness, 
thickness-to-width ratio, extrusion die limitations, 
and required mechanical and metallurgical 
properties. 

The cross-sectional area is limited by press 
capacities, which have been considerably in- 
creased by presses constructed under the Heavy 
Press Program. The over-all size of an extruded 
section is determined by the diameter of the 
smallest circle which will enclose a given shape, 
called the circumscribing circle. This diameter 
controls the die size, which in turn is limited by 
the press size. Before designing an extruded 
shape, an investigation should be made as to 
whether the existing press capacity is satisfactory 
for the shape required. 

Heavy presses, such as the 8000 and 12,000-ton 
ones, will extrude aluminum shapes which can 
be enclosed in circles up to about 25 in., weigh- 
ing up to 2500 Ib., and over 110 ft. long. Steel 
and titanium shapes, whose cross sections fit into 
a 22-in. diameter circle, can be extruded on a 
12,000-ton press. These limitations can be cir- 

* Metallurgical Engineer, Loewy-Hydropress Div., 
Baldwin-Lima-Hamilton Corp., New York; Consult- 
ing Editor, Metal Progress. The author acknowledges 
assistance of the following in preparation of this 
article: Air Materiel Command, U.S.A.F.; Babcock 
& Wilcox Co.; Chase Brass & Copper Co.; Climax 
Molybdenum Co., Div. of American Climax, Inc.; 
Curtiss-Wright Corp.; Dow Chemical Co.; Harvey 
Aluminum, Inc.; Loewy-Hydropress Div., Baldwin- 


Lima-Hamilton Corp.; “Reynolc s Metals Co.; Wol- 
verine Tube Div., Calumet & Hecla, Inc. 
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Hot Extrusion 


By ARTHUR B. TESMEN* 


cumvented in some instances by slitting and 
straightening circular extrusions. 

The minimum cross-sectional area which can 
be extruded on a press of given capacity depends 
upon the pressure required to overcome the 
metal’s resistance to flow. Pressure, in turn, is 
determined by the extrusion ratio (ratio of the 
billet and extrusion cross section), the nature 
of the alloy and complexity of the shape being 
made. While most common extrusion ratios 
range from 15:1 to 50:1, certain intricate and 
thin sections have been extruded at ratios as 
high as 500:1. Extrusion ratios below 15:1 are 
seldom used (unless extrusion is an intermediate 
working step) because insufficient working may 
result in poor mechanical properties. Data be- 
low for steel and titanium are a rough guide for 
extruding metals of high melting point. 


MINIMUM 
Cross-SECTIONAL 

METAL AREA 
S.A.E. 1020 0.40 sq. in 
Type 410 0.45 
Types 304, 321, 347 0.50 
Type 316 0.60 
A-286 1.25 
Titanium alloys 0.50 


Section Thickness and Tolerances 


Thickness limitations are related to the size 
of the cross-section; increase in the circumscrib- 
ing circle size makes it more difficult to force 
the metal through thin die openings, especially 
if the shape has adjacent thick and thin sections. 
As a general rule, thicker walls are required 
with increased section size. Thickness limita- 
tions also depend upon the flow (or yield 
strength) of the alloy, extrusion ratio, and com- 
plexity of shape. 

Section thickness may vary from about 0.040 
in. to several inches in aluminum and magnesium 
and from a minimum of 0.145 in. in plain carbon 
steels, 0.180 in. in some stainless grades, and 
0.150 in. in titanium alloys. The relative thick- 
ness of adjacent members plays an important 
part in extrudability of various sections. The 
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possess the dimensional accuracy of machined 
parts. The tolerances of any given dimension 
vary somewhat depending on the size and type 
of the shape, and relative location of the dimen- 
sion. For example, the 3-in. web of a 3 x 0.258- 
in. aluminum channel could vary from 2.976 in. 
to 3.024 in., but when measured at the toes of 
the 114-in. deep flanges, the permissible varia- 
tion on the 3-in. dimension can be 2.952 to 3.048 
in. Detailed tolerances covering straightness, 
flatness, twist, and cross-sectional dimensions 
such as section thickness, angles, contours, and 
corner and fillet radii are given in handbooks 
published by extruders. Minimum fillet radii 
of 0.125 in. for steel and 0.188 in. for titanium are 
produced by some extruders, and corner radii 
are minimum 0.031 in. for steel and 0.055 in. 
for titanium. Angle tolerances of 2° or less can 
be held for aluminum, steel, and titanium. 

Although the extrusion engineer has consider- 


Fig. 2 — Cross-Sections of Large Aluminum 
Extrusions Produced by Harvey Aluminum, 
Inc. Applications include missile body sec- 
tions, truck trailer floors and doors, airframe 
structures, curtain wall components and signs 


Other Method Extrusion 


Fig. 1—How Extrusion Re- 
places Other Forming Methods 


permissible ratio of thickness to width depends 
upon the alloy. For example, the minimum 
thickness for a shape about 8 in. wide is 3/32 in. 
for aluminum alloys 3003 and 6003, but % in. 
for 2014 alloy for a press of given capacity. 
Although extruded shapes minimize and often 
eliminate the need for machining, they do not 
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able freedom in placing metal where it will be 
most effective, he should avoid certain features 
to keep costs down and to maintain tolerances. 
While many asymmetrical shapes can be ex- 
truded, probably the most important factor in 
the extrudability of a shape is symmetry. Other 
important considerations are average and mini- 
mum thickness, cross-sectional area, surface qual- 
ity, and mechanical properties. 


Some Do’s and Don't’s 


Hollow and semihollow shapes cost more than 
solid shapes and they usually cannot be extruded 
with as thin sections as solid parts. They are 
more readily producible when wall thickness 
surrounding the voids is uniform. However, a 
one-piece hollow shape is usually stronger than 
a built-up shape. Its assembly cost is lower, 
and mating fits and tolerances of component 
shapes are not a factor. 

Adjacent section thicknesses should be as 
nearly equal as possible to permit uniform metal 
flow through the die. Grooves should be wide 
and shallow to prevent undue pressure and heat 
on the die area forming the groove. Thin- 
walled shapes with large circumscribing circle 
are difficult to straighten. In shapes with vary- 
ing section thickness, the length of thin protrud- 
ing legs should not exceed ten times their thick- 
ness. Semihollow shapes requiring long thin 
die tongues should be avoided; for best extrud- 


Fig. 3—Stepped Extrusion 
Planned for Future Production 


ability the tongue length should not exceed three 
times its width. 

Precision extrusion, a process which combines 
extrusion with cold drawing, results in very 
close cross-sectional tolerances. A typical appli- 
cation is a magnesium extrusion, produced to 
+ 0.002-in. tolerance on all dimensions for an 
automobile transmission stator blade. 

Among proposed missile extrusions is a 131- 
in. diameter tube with 0.100-in. wall, integrally 
extruded, including the external ribs to mount 
the fins. This design would eliminate longitudi- 
nal welding of tubes and spot welding of the 
external ribs. 


Rectangular Container Extrusion 


Demand for wide, thin, ribbed panels by the 
aircraft, transportation, and architectural indus- 
tries has resulted in the rectangular container 
extrusion. The conventional extrusion container 
has a round bore and cylindrical ingots are used. 
A rectangular container has a rectangular bore 


Fig. 4 — Extruded I-Beam, Longitudinally Tapered 


and slab-shaped ingots are used. This method 
effectively increases the available press capacity, 
making it possible to extrude wider, thinner and 
flatter shapes. In recent experiments carried out 
by Loewy-Hydropress Division (sponsored by 
Air Materiel Command), the feasibility of ex- 
truding flat panels from 7075 aluminum alloy in 
18-in. widths with thicknesses as low as 0.035 
in., and in 9-in. widths, with thickness of 0.023 
in., was established. Application of this method 
to larger presses would extend the maximum 
as-extruded width to about 42 in. 

Stepped extrusions permit design of parts with 
integral connecting lugs; with two, three, or 
more sets of steps; with internally and externally 
stepped tubes (Fig. 3). Steps can be placed at 
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either end of the tube or in the center. Extru- 
sion of longitudinally tapered sections, such as 
shown in Fig. 4, and of tapered tubing, is 
possible by special split die and moving mandrel 
techniques. 

Aluminum extrusions are being widely applied 


Fig. 5 — Extruded Steel Sections Which 


Are Difficult or Impossible to Roll 


in building construction for curtain walls, win- 
dow and door frames, building trim, ladders, 
scaffolds and structural sections. The transpor- 
tation industry is using them for truck and 
trailer roofs and side rails, side and bottom sills, 


consider the following advantages: 


extruded. 


extruded. 


in thickness across part of the section. 


Where to Use Extrusions 


Engineers who specify extrusions should 


* Configurations difficult or impossible to roll 
in aluminum or steel or other metals can be 
extruded. Certain alloys, such as Type 440 C 
steel, considered unpierceable and formerly 
unavailable as seamless tubing, are readily 


* Elimination of “bits-and-pieces” manufac- 
ture since integral complex shapes can be 


* Shapes can be designed to facilitate joining 
to other members by adding or taking off 
flanges or ribs, or by increases or decreases 


floor beams, tailgate sections, and roof bows. 
Standard interlocking extruded sections are used 
in truck and trailer flooring, walls, and railroad 
boxcar sections. Extruded aluminum tubing and 
sections are employed in furniture and appli- 
ances for trim and functional purposes and in 
automobiles for grilles and trim. The aircraft 
industry employs aluminum extrusions as basic 
strength and stiffening members — wing spars, 
spar caps, struts and ailerons. 

Future trends indicate that the electrical in- 
dustry will use aluminum extrusions for sub- 
station and transmission tower structural com- 
ponents, particularly under corrosive conditions 
where its life will be longer than that of gal- 
vanized steel, and for transmission poles with 
longer life than wooden poles. Other electrical 
applications include cable, cable sheath, splic- 
ings, fittings, busbar and conduit. 

Magnesium extrusions are used in aircraft and 
missile structures; military and commercial ve- 
hicles; materials handling equipment; concrete 
pouring forms; tools, jigs, and fixtures; radar and 
electronic devices; portable shelters; and anodes 
for cathodic protection of water heaters. Missile 
body tubing, helicopter blades, and stator blades 
for automatic transmissions are some promising 
applications. 

Practically all common steels have been suc- 
cessfully extruded. Alloys such as 4340, 4130, 
8620 and most stainless steels are readily pro- 


finish and to tighten the tolerances if required. 
¢ In view of low cost of extrusion dies, it will 
often pay to design special extruded sections 
to meet the specific requirements, rather than 
to sacrifice efficiency by using available stand- 
ard rolled sections. Extruded sections can be 
“tailored”, economically, to meet the needs 
of the design from the standpoint of strength 
and stiffness. 

* If running design changes are anticipated or 
desirable, or if parts are urgently required, 
low-cost dies, short lead time, and the ability 
to produce in small quantities make extrusion 
economical. 

* Some complex shapes can be more economi- 
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*® Machining can be reduced or eliminated 
since extrusions can be designed closely to the 
final required shape. Steel and titanium ex- 
trusions can be cold drawn to improve surface 


cally extruded than cast or forged. 

© Improved transverse properties and better 
fatigue resistance of some high-melting-point 
extrusions are significant. 
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duced; current development work has as its goals 
extrusion of A-286 heat resistant alloy and H-11 
type toolsteels to thin, close-tolerance aircraft 
shapes. 

Civilian applications for carbon steel extru- 
sions include parts for business machines, elec- 
trical equipment, automotive products, and air 
conditioning equipment. In some instances the 
parts are impossible to produce by rolling (Fig. 
5), or they replace weldments, castings, forgings, 
or parts machined from bar stock. Their me- 
chanical properties are superior to castings and 
roughly comparable to forgings. 

Extruded titanium tubing is making a come- 
back in applications requiring retention of 
strength in the medium elevated-temperature 
range and those needing corrosion resistance. 
Hydraulic line tubing in jet engines and corrosion 
resistant piping in refining, chemical and process- 
ing industries are promising applications. Others 
include heat exchangers, autoclaves, and fittings. 
While molybdenum extrusions are just begin- 
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Spinninc Is THE PRESSURE FORMING of 
metal on a rotating chuck or die. The forming 
is done by application of pressure by a roller or 
spinning tool on the metal piece while it is being 
rotated in a spinning lathe. Two types are con- 
ventional spinning and displacement spinning. 
Conventional spinning involves forming of the 
metal back along the chuck. The area of the 
blank must be about equal to the shell area and 
the shell thickness remains constant. Displace- 
ment spinning involves an ironing out of the 
metal back along the chuck. Here a smaller and 
thicker blank is used so the difference between 
the blank and shell areas is equalized by thin- 
ning out a portion of the thick blank. 

*Adapted in large part from “Production Design 


Handbook”, Materials and Equipment Div., Air 
Research & Development Command, U.S.A.F. 
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ning to be utilized as such, development of this 
metal has been enhanced by employing extru- 
sion as a primary working step. Work is being 
done on commercial methods for extruding beryl- 
lium, and progress in nuclear technology has 
stimulated extrusion methods for zirconium, 
uranium and hafnium alloys. High-quality thin- 
walled zirconium tubing (3 in. O.D.) has been 
extruded in lengths up to 24 ft., subsequently 
reduced to final size by cold reduction. 
Co-extrusion of two or more metals has been 
employed to fabricate zirconium-clad uranium 
fuel elements with integral zirconium end seals. 
The extrusion billet, consisting of uranium or 
uranium alloy core, is surrounded by a zirconium 
or Zircaloy-2 sleeve. The core and cladding 
components are enclosed in an evacuated, sealed 
copper can and extruded. Zirconium and Zir- 
caloy-2 have been successfully clad to unalloyed 
uranium by this method, and to several alloys 
consisting of uranium with such additions as 
2% Zr, 10% Mo, 4% Si, 5% Zr or 114% Cb. i} 


Metal Spinning’ 


Practically all metals that are available in sheet 
form can be spun. Hand spinning can be done 
on aluminum alloys up to 1% in. thick, low-carbon 
steels and brasses up to 3/16 in. thick, and stain- 
less steels up to %& in. thick. Although most 
common metals are cold spun, it is sometimes 
advantageous to hot spin to reduce the force 


required. Molybdenum, titanium, and magne- 
sium alloys are usually spun at moderately ele- 
vated temperatures — somewhere between the 
range of cold spinning and true hot spinning. 
The spinning blank can be either a flat disk, 
a piece of tubing or a welded tubular or conical 
section. The blanks may have sheared edges 
but they must be cut cleanly. Rough edges 
should be ground or machined smooth before 
spinning to avoid cracking. Suggestions on shape 
considerations for spinning are given on p. 121. 
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Fig. 1 — Typical Setup for 
Internal Roll Spinning 


Conventional Spinning 


Chuck spinning, the most common method, 
refers to spinning of open shapes with no re- 
entrant contours. Here the shape can be pro- 
duced in tiers and by one or more regular spin- 
ning operations. Internal roll spinning is a 
method for spinning re-entrant shapes, such as 
bulges and necks. The chuck and tail bar are on 
the same center and the roll is offset to make con- 
tact with the shell wall. The method results 
in higher production speeds since the piece can 
be quickly removed from the roll without taking 
the tool apart. (See Fig. 1) 


Displacement Spinning 


In the Hydrospin process (machine made by 
Cincinnati Milling Machine Co.), the blank in 
the form of a metal disk is rotated at high speed 
while two opposed rollers force the material onto 
a rotating mandrel. A major use of Hydrospin- 
ning is to make dome-shaped contoured aircraft 
components. These parts were previously pro- 
duced by fabricating two sections, then welding 
them together. It is used also in the manufac- 
ture of high-temperature parts such as jet ex- 
haust cones and engine parts. The process gives 
extremely strong parts with maximum resistance 
to fatigue failure. The metal undergoes a shear 
deformation which greatly elongates the grain 
structure, resulting in work hardening of the 
metal with an increase in tensile strength. 

In the Floturn process (machine made by 
Lodge & Shipley Co.), the metal is displaced 
parallel to the centerline of a part in a spiral 
manner. This spiral displacement is done by 
flowing the metal over a mandrel using a roller 
that is actuated by mechanical or hydraulic 
forces. In spinning, a blank considerably larger 
than the finished piece is used. Then, using 
pressure, the blank is folded in a circular manner, 
using a hard tool against a round mold. This 
requires considerable skill by the operator. 


In the Floturn method, the blank diameter is 
the same as that of the finished part, but the 
thickness is heavier and the additional metal 
provided by this heavier thickness is flowed into 
the extended shape. The machine controls all 
operations, and parts are produced to uniform 
accuracy. Parts have high strength and hardness 
with good surface finish. Tooling cost is low. 
Typical tolerances which may be held are 0.002 
in. on wall thickness, 0.002 in. on I.D. up to 6 in., 
0.003 in. on LD. over 6 in. and 0.005 in. on 
length. 


Power Spinning From Preforms* 


Power spinning, such as has been described in 
preceding paragraphs, is a production process 
capable of making parts with high strength, good 
surface finish, close tolerances, and freedom from 
inclusions or other hidden flaws. Often it is a 
less costly means for producing parts with prop- 


*This section is based on information supplied by 
engineers at Commercial Shearing & Stamping Co., 
Youngstown, Ohio. 


Fig. 2—This Fuel Tank Head — 105 In. in 
Diameter — Is one of the Largest Thick-Walled 
Vessels Ever Spun. Made of 5086 aluminum 
alloy, the part was spun from a blank 139 
in. diameter, 7/16 in. thick by Missile-Air, 
a Division of U.S. Chemical Milling Corp. 
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Fig. 3 (Left)— This Straight-Side, Tapered-Wall 
Rocket Cone Would Have to Be Hogged From 
a Large Forging if It Were Not Power Spun. 
A flat blank, 19 in. diameter and 1 in. thick, is 
preformed which provides for the shape of 
the thick sections at top and bottom and allows 
for tapered wall thickness. A single power spin- 
ning operation begins just below the top thick 
section and ends just above the bottom thick 
section. (Right)—To produce this part a cup- 


erties which would otherwise require special 
tubing, extensive machining of forgings, high- 
alloy steel, or heat treatment. Where hard-to- 
machine alloys are required, they may be power- 
spun as readily as carbon steel. 

While a variety of conical, tubular, and curvi- 
linear shapes may be power-spun directly from 
flat sheet or plate, there is a limitation on non- 
tubular designs produced in one pass from flat 
stock; wall thickness will be fixed by the angle 
the wall of the final product makes with the 
horizontal, and this angle normally cannot be less 
than 15°. This limitation to an included angle 
of 30° is fixed by the maximum practical reduc- 
tion per pass and is substantially the same for all 
ferrous and nonferrous metals. It can be over- 
come by producing the final shape in more than 
one power spinning pass. 


Methods for Preforms 


The final power spinning pass may be con- 
sidered as a single pass made on a blank which, 
instead of being flat, has been preformed to an 
intermediate shape. The preform may be pro- 
duced by prior power spinning passes, or it may 
be a forging, stamping, casting, or weldment. 
With a preform, limitations on wall angle of the 
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shaped preform is made in a press from a flat 
blank of Hastelloy C, 14 in. diameter and ¥ in. 
thick. After power spinning the basic bucket 
shape, the press-formed cup is welded to the 
bottom, the flange is faced and groove and 
holes are machined. Use of a highly polished 
mandrel gives 1.D. finish of 10 micro-in. (Center) 
— Thin-walled aluminum band requiring concen- 
tricity within 0.001 in. and mirror finish O.D. is 
easily power spun from press drawn aluminum cup 


final part and wall thickness are substantially 
eliminated. Suitable variations in wall thickness 
of the preform will give the wall thickness needed 
(even varied wall thicknesses) in the final part. 
Preforming makes it possible to produce the de- 
sired final shape in a single power spinning pass. 

Proper preparation of the preform also assists 
in obtaining close tolerance of wall thickness and 
fine surface finish on the final part. In general, 
power spinning will improve the O.D. surface 
finish of the blank, and reduce its thickness vari- 
ations, by a factor of two. Inside diameter sur- 
face finish is improved more than this because 
spinning is done on a highly polished mandrel. 
However, this improvement is not enough to per- 
mit power spinning to turn rough stock into 
highly finished, accurate parts. To secure wall 
thicknesses and dimensions within narrow limits, 
and to produce low micro-inch surface finishes, 
requires a suitable degree of accuracy and finish- 
ing in the preform. For example, to obtain 
tubing with an I.D. finish of 20 micro-in., one 
should start with a thick-walled tubular blank 
with a bored and honed I.D. 

Such extensive work to produce a preform 
makes power spinning sound like a complex and 
expensive process. Contrasted to simple hand 
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Shape Considerations 


in Spinning 


Use 12° Minimum Taper on Parts Deeper 
Than 2 in., Except for Mating Surfaces 


Avoid Re-Entrant Contours 


A 
788 


Most Desirable 


2 In, Max: 


Minimize Number of Sur- 
faces Parallel to Part Axis 


Maintain a Small Flat at Bottom of 
Part Where Possible. Diameter should 
be at least 10% of over-all diameter 


More Difficult Most Diffic | 


at Outside Edge 


Difficulty Increases as Angle Be- 
tween Surface and Axis Decreases 


spinning, it is. But it is useful in place of other 
production methods which would be even more 
complex and expensive. Another advantage is 
that it permits use of less costly raw materials. 
For example, a heavy conical shape (Fig. 3, left) 
formerly hogged from a large forging, is power 
spun with considerable savings. (Commercial 
Shearing & Stamping Co., which produced parts 
illustrated in this section, uses slightly modified 
Cincinnati Hydrospin equipment for power 
spinning.) 

Also produced by power spinning is a bucket 
of a tough superalloy (Fig. 3, right). If pro- 
duced by conventional means, this bucket would 
require several setups in different machine tools 
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and cost would be boosted by the difficulty of 
machining the alloy. 

Often, the ultimate tensile strength of steel 
can be doubled, and its yield strength tripled, 
because of the cold working in power spinning. 
This may permit use of a carbon steel where an 
expensive alloy had been considered necessary. 
This improvement in physicals without heat 
treating is especially useful in long and _ thin- 
walled shapes which would be difficult to heat 
treat without distortion. Also, tubes and cylin- 
ders are produced which have very thin walls in 
relation to their diameter and thus would be 
difficult to machine to obtain concentricity of 


O.D. and I.D. and to avoid bow. 8 
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TEN Years from products which 
were 90% government, mostly ordnance com- 
ponents, to our present production of 90% com- 
mercial parts is the experience of the Heintz 
cold extrusion department. That this is a siz- 
able operation is evidenced by the fact that our 
department is equipped with 22 mechanical 
presses, ranging in capacity from 100 to 1500 tons. 
In addition, we have two fully automatic coating 
machines for lubricating workpieces, and seven 
continuous annealing furnaces. Our facility 
could easily handle 300,000 extruded blanks per 
month requiring over 1500 tons of steel as hot 
rolled bar stock. 

Parts which are ideal for production by cold 
extrusion come within the following ranges: 
weight 2 to 15 lb.; diameter 1 to 6 in. O.D. and 
up to 4 in. I.D.; and length up to 20 in. These 
are general limits; in individual instances, parts 
both smaller and larger can be made. 


Basic Considerations 


Our experience has been that the best time to 
consider going to cold extrusion is when a part 
is in the preliminary design stage. Here the 
economic and functional advantages of produc- 
ing extrusions in place of parts made from forg- 
ings, castings, tubing or machined from solid bar 
stock can be fully considered. Various factors 
may be discussed, such as whether to use an 
inexpensive sheet metal fabrication with extruded 
inserts in place of a heavy forging or casting. 
Other salient features of cold extrusion are: 

* In short lengths, the process competes favor- 
ably with thick-walled seamless tubing, gives 
closer tolerances, better concentricity and a 
smoother finish with added diametrical steps 
where desired. 

* Cold extruded parts finished on a hot upsetter 
offer many possibilities. 

* A cold extruded automotive propeller shaft, 
complete with splines, can be produced, elimi- 
nating all machining operations. 

In a.number of instances, cold extrusion has 


*Development Engineer, Cold Extrusion Dept., 
Heintz Div., Kelsey-Hayes Co., Philadelphia. 
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Cold Extrusion 


By ELLIOT J. EPNER* 


emerged as the most economical way to make a 
standard part. A case in point is the control arm 
bushing (Fig. 1) for the suspension that houses 
the hexagonal torsion bar —a design currently 
being adopted by several automobile and truck 


makers. Cold extrusion saved 25% here. Origi- 
nally, the part was a heat treated screw machine 
product made from 1035 steel. 

From the designer’s standpoint, advantages of 
cold extrusion are: (a) substitution of low-carbon 
or alloy steels for premium materials; (b) dimen- 
sional uniformity with close diametrical toler- 
ances; (c) smooth finishes in the range of 10 to 
50 micro-in.; (d) high mechanical properties by 
cold work alone; (e) parts made with zero draft 
angles and sharp corner radii; (f) elimination or 
substantial reduction of finishing operations such 
as machining, heat treating, grinding. 

From the fabricator’s standpoint, the advan- 
tages are: (a) material savings with excellent 
metal recovery; (b) reduction of the number of 
operations; (c) more parts per square foot of 
floor space; (d) fewer quality control problems. 


Fig. 1 — By Cold Extruding This Bushing Housing 
for a Torsion Bar Suspension System, 1017 Carbon 
Steel Replaced a Heat Treated Screw Machine 
Part Made From 1035 Steel With a 25% Saving 
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Internal diameters of different dimen- 
sions should be blended with angles or 
with as large a radius as possible. 


Solid — 
forward 
extruded 


Cup — 
backward 
extruded 


Double cup — 
backward 
extruded 


Shoulders may be located 
anywhere but preferabl: progress in size in same di- 
should be at one onl 


Double end solid — Cup — 
forward extruded backward extruded backward extruded 


Good Poor 
Inside and outside steps should 


Poor 


rection wherever possible. 


Cup — 


with outside steps inside steps 


Fig. 2 — Design Parameters and Recommended Shapes for Cold Extruded Parts 


However, it is generally the saving in material 
which is most significant and provides the great- 
est competitive advantage over other methods. 

In designing a part for extrusion the following 
approaches are essential: 

1. Define the function of the part and its rela- 
tionship to adjacent parts; specify the mechanical 
properties needed, such as strength, toughness 
and wear resistance. It is often possible to com- 
bine several mating parts into one extrusion, thus 
eliminating an assembly. It is more practical 
for the designer to think in terms of physical 
requirements rather than of a specific steel analy- 
sis. Economies can result from substituting less 
expensive steels. Table I on p. 125 illustrates 


improvements in mechanical properties as a result 
of cold extrusion. 

2. Next, consider the shape required. Cold 
extruded parts are generally cylindrical, but may 
be square or conical, hollow or solid, with vary- 
ing wall thicknesses, webs, flanges, interior or 
exterior squares, octagons, hexagons, bosses, 
with splines or gear teeth on the exterior or in- 
terior, or both. The size of the piece is limited 
only by the available equipment. Figure 2 shows 
design parameters and recommended shapes. 

3. Determine the quantity of parts required. 
Cold extrusion is a high-production operation 
employing long-life tools on fast presses. The 
capital investment in equipment and standard 


Fig. 3—Basic Tu- 


bular Extrusion With 
Typical Dimensions 


Fig. 4 — Refinement of 
Extrusion of Fig. 3 
Gives Closer Tolerances 
and a Better Finish 
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Variation in Wall Thickness 
0.015 In. T.I.R., Max. 


Good Poor Good Fair | a 
of area) Alone operation) 
12 
125 
— 2+ 0.002 — - 
50 
Variation in Wall Thickness # 
0.015 In. T.LR., Max Ms 
| 12 
Ye = 35 125 
357 
123 


Variation in Well Thickness 
0.015 In. T.I.R., Max. 


Fig. 5 — Further Refine- 
ment Gives Tolerances 
of 0.002 In. on O.D. 
With Improved Finish 


Variation in Wall Thickness 
0.015 In. T.ILR., Max. 


| Heat 
VA Zone 


dies is relatively high. Production runs of 50,000 
to 2,000,000 pieces per year are common. How- 
ever, on some designs the high savings may 
permit a relatively short run. 

4. Requirements on tolerances and _ finish 
should be considered. Parts cold extruded have 
tolerances equal to those in conventional turning 
and boring operations. The tolerance range on 
diameters, depending on size, may be 0.003 to 
0.010 in. in quantity production. Concentricity, 
measured as a function of variation in wall thick- 
ness on tubular parts, can be held to within 
0.015 in. T.1.R. (total indicator reading). Eccen- 
tricity between two or more external diameters 
can be held within 0.010 in. T.LR. The same 
applies for internal diameters. Smooth shiny 
finishes are characteristic of cold extruded parts, 
and are inherent in the process. The usual sur- 
face finish range is about 35 micro-in. Often this 
may eliminate the need for grinding and honing. 

These four points should be considered only 
as an initial guide. It should be remembered 
that tool development and other phases of the 
cold extrusion technique are advancing at a 
rapid pace. 

Thick-walled seamless tubing is being used 
for such items as track link bushings for crawler 
tractors and diesel piston pins. In a number of 
applications, an extrusion has been found to be 
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Fig. 7 — Transmission Reverse Sun Gear Blank Ex- 
truded From 4027 Steel With 10% Savings in Mate- 
rial. A costly bore drilling operation was eliminated 


Fig. 6 — Hot Upsetting 
of Cold Extruded Part 
Gives Wide Flange. 
Method can also be 
used on solid parts 


cheaper. 


In some instances the part is press 


finished on the O.D. and L.D. and requires only 
facing the ends. 

Figure 3 shows the basic extrusion. The 
dimensions indicated are typical and ideal ones 
with which to work, but in individual instances 
they may vary considerably. This part is formed 
at full extrusion load, accounting for the wider 
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Table I — Mechanical Properties of Steels Before and After Cold Extrusion 


Berore Extrusion (ANNEALED) AFTER EXTRUSION 
Untimate | ELONGATION Unriuate | ELONGATION REDUCTION 
Type | STRENGTH STRENGTH In 2 IN. STRENGTH | STRENGTH in2In. | iN AREA 
j 
1010 51,000 psi. 24,000 | 40% 118,500 | 117,400 | 13.5% | 54.3% 
1018 =| 60,100 | 28,850 39 146,000 133,500 12.0 | $1.1 
1030* | 67,250 49,500 31 166,000 161,000 9.0 | 32.4 
1035* | 84,000 50,000 30 164,000 | 160,500 5.5 | 19.4 
4130 81,250 52,250 28 166,500 | 139,000 14.5 | 47.3 
4140 95,000 60.400 26 178,500 | 159,000 12.0 43.4 
5130 89,000 55,000 | 28 153,000 148,000 12.0 40 
8620 | 77,750 55.875 31 164,000 | 158,000 | 14.0 40.2 
8630 | 81,750 54,000 29 171,000 | 166,350 | 12.0 46.4 
8730 | 98,000 65,000 | 25 154,000 | 145,000 | 17.5 51.5 
9115* 70,000 50,000 35 167,000 | 163,500 | 9.0 | 18.3 


*As-received hot rolled bar. 


tolerance of +0.005 in. on the O.D. Concen- 
tricity, measured by supporting the piece on V- 
blocks on each end, total runout at any point 
inside or out, does not exceed 0.007 in. T.I.R. 
The variation in wall thickness is within 0.015 
in. T.I.R. The finish in the bore is better than 
50 micro-in. and on the O.D. is better than 125 
micro-in. 

Figure 4 shows a refinement of the basic extru- 
sion shown in Fig. 3, reworking the ends of the 
O.D. and the bore. This part is similar to the 
basic extrusion in concentricity and runout, with 
closer tolerances and a finish on the inside and 
outside of 35 micro-in. Figure 5 is another 
refinement of the basic extrusion shown in Fig. 
3, showing a straight tube with close O.D. and 
1.D. tolerances with a mirror finish throughout. 
In both Fig. 4 and Fig. 5, the tolerance of 


Overcoming & 
the 
Producibility 
Barrier... 


As & HOT FORMING PROCESS, contour rolling 
combines advantages of conventional rolling and 
extruding to produce varied configurations over 
relatively large areas. Parts made by this method 
exhibit desirable grain flow characteristics and 
material distribution advantages; machining 
operations are minimized or eliminated. The 
process can produce parts having relatively large 
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+0.002 in. on the O.D. is actually used up in 
out-of-roundness and parts are suitable for press 
fitting even after a full carburizing cycle. In 
either instance, additional shapes on the O.D. or 
I.D. can be added for little or no cost. 

The part shown in Fig. 6 is a new approach — 
hot upsetting a wide flange on a cold extruded 
part, whether it be tubular (as shown) or solid. 
Low-carbon or alloy steel bars above 1% in. 
diameter have little or no upsetting qualities. 
All parts calling for a wide flange had to be hot 
forged and upset, or made from tubing and hot 
upset. The cold extrusion approach has been 
to combine the advantages inherent in both hot 
and cold work. By the use of induction heat 
for upsetting the flange, there is hardly any 
effect on the tolerance and finish of the cold 
extruded body. 


Contour Rolling 


areas when the dimensional characteristics may 
prohibit use of conventional impact or pressure- 
type forging machines. 
Configurations may be uniform (symmetrical 
*Based in large “ag on “Production Design Hand- 
book”, developed by the Materials and Equipment 


Div., Air Research and Development Command, 
U.S.A.F. 
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Fig. 1 — Typical Hot Rolled Sections 


about a centerline) such as longitudinal ribs or 
panels, transverse ribs or panels and isogon pat- 
terns which utilize waffle-like stiffening. Config- 
urations also may be nonuniform — completely 
unsymmetrical with ribs, panels, and bases placed 
according to stress and the attaching require- 
ments of the part. A variety of designs in hot 
rolled sections is depicted in Fig. 1. The auto- 
mobile door hinge shown in Fig. 2 is produced 
from a steel section hot rolled to shape. Special 
sections such as this can reduce or eliminate 
other production operations such as machining, 
grinding or welding. Often less steel is needed 
and scrap losses can be cut. 

In cold roll forming, a flat strip of metal is 
progressively shaped into the configuration de- 


Fig. 2 — Auto Door Hinge, 
Shown in Upper Right, 
Was Made From a Spe- 
cial Hot Rolled Steel Sec- 
tion. Starting at bottom, 
formed pieces show se- 
quence of operations the 
fabricator used to make the 
finished product. (Cour- 
tesy U.S. Steel Corp.) 


Fig. 3—Typical Shapes 
Which Can Be Produced 
by Cold Roll Forming 
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sired by passing it through a series of rolls. A 
wide variety of shapes can be produced to close 
tolerances. Cold rolled steel is most commonly 
used for roll formed parts. It gives a limited 
amount of spring back and can be rolled without 
a lubricant. Hot rolled steel can also be formed 
but liberal quantities of lubricant must be used 
to flush away scale. Aluminum, copper, brass, 
bronze and zinc sheets are roll formed as are 
many precoated metals. In the latter instance, 
the bend radius must be kept large enough to 
avoid cracking of the coating at the bends. Fig- 
ure 3 illustrates design possibilities with cold 
rolled sections. 

Stainless steels of austenitic and ferritic types 
are roll formed where the need for elaborate 
shapes or continuous lengths justifies the tooling 
cost. Since stainless work hardens during form- 
ing, about twice the forming capacity is required 
compared to steel. 


Overcoming © 

the 
Producibility 
Barrier... 


Enxcixeers ane Now utilizing impacts with 
configurations which have advanced far beyond 
conventional can or tube-type parts. Designs 
formerly made by drawing, machining, stamping, 
casting, or forging are being impact extruded 
more economically, with better mechanical 
properties and appearance. Impact parts con- 
sidered impossible to make just a year or two 
ago are now routine production. 

Although the accent is still on aluminum — 
with lots of activity in the stronger, heat treatable 
alloys — impact extruders have progressed from 
soft alloys to hard alloys and to other metals, 
such as brass, steel, titanium and zirconium. In 
aluminum impact extrusions, the mechanical 
properties exceed those obtained by forging plus 
the added advantage gained by cold working. 
Since the grain flow lines of an impact follow the 
contour of the finished shape, impacts are 
stronger than drawn or cast part or parts ma- 
chined from rod and bar. Harvey can produce 
aluminum impacts with an ultimate tensile 
strength of 92,000 to 97,000 psi. The surface of 
impacts is exceptionally smooth, requiring no 
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Impact Extrusion 


Three types of curved sections can be pro- 
duced by roll forming: (a) straight sections or 
parts with parallel bend lines; (b) straight 
flanged parts, or parts consisting of large flat 
portions or webs and nonparallel bend lines; 
(c) smoothly contoured parts, or parts with large 
radii and only minor flat portions or webs. The 
variety of shapes that can be made by roll form- 
ing includes channels, angles, “Z's”, piping and 
tubing. Sections can be notched, pierced, coiled, 
printed or embossed with only little additional 
cost. Many structural parts are being produced 
by roll forming to take advantage of a high 
strength-to-weight ratio, good surface finish, and 
close tolerances. 

Titanium and magnesium alloys do not have 
the ductility required for roll forming at room 
temperature. They can be heated to a tempera- 
ture suitable for forming, by induction coils 


placed between the rolls. ] 


polishing or buffing in the natural condition. 
Surface finish of 125 rms. is standard; however, 
surfaces of 20 rms. can be obtained. 

The following features are common to most 
parts produced by the impact method: zero- 
degree draft, close tolerances, and approximate 
symmetry. Although many of the shapes being 
produced are round, oval, square, or rectangular, 
so long as the design is fairly symmetrical, poly- 
gonal configurations do not cause trouble. 

Intricate shapes can be made with proper die 
design. By using a hollow punch, a tube within 
a tube can be produced. Pads, flutings, lugs, ribs, 
tapers, serrations, and splines are other design 
devices being incorporated into an impacted part. 
Advances have been made in complex shapes 
with a variable change in wall thickness. Bi- 
metal impacts, impacts having a vertical and 
lateral metal flow, and clad impacts are new de- 
velopments which intrigue the engineer. Fur- 
thermore, multiple parts can be produced as one 
unit, eliminating joint assemblies. 


*Prepared by Technical Department, Impact Div., 
Harvey Aluminum, Inc., Torrance, Calif. 
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Fig. 1 — High-Strength Aluminum Impact 
Extrusions. Left to right — body housing 
for pressure unit with ultimate tensile 
strength of 92,000 to 97,000 psi.; finned 
component for rocket motor produced 
with integral slots for blade assembly; 
bottle or pressure container; poppet valve 


Closer tolerance is another reason why impacts 
are being used for more products. Under normal 
circumstances, dimensional tolerances can be 
held within 0.005 to +0.015 in. These toler- 
ances are lower for certain configurations. Size 
of impacts depends upon available equipment 
and the reduction in area required to produce 
the desired configuration. Harvey Aluminum has 
produced impacts 14 in. in diameter. 


Impacts for Many Applications 


In the automotive industry, speedometer drums 
and ornamental parts, formerly produced by 
casting or machining, are now being made as an 
aluminum impact extrusion. Oil filter shells 
used to be made by drawing; now they're im- 
pacted at a much faster rate. In appliances, 
refrigerator headers, once machined, are now im- 
pacted. In electronics, condenser cans, heat dis- 
sipators, tube shields, and connection covers are 
made as impacts instead of by drawing. 

Aircraft applications for aluminum impacts in- 
clude landing gear pistons, propeller hubs, and 
fluid line couplings. All were previously made 
by machining. Structural support sections used 
to be forged; now they're being made as impact 
extrusions at less cost. 

Ordnance items once machined — fuse sleeves, 
shell casings, flare tubes — are now impact ex- 
truded. In the atomic energy field, fuel con- 
tainers and fuel container plugs used to be made 
as a two-stage drawing operation; now they're 
impacted. Miscellaneous parts, such as air and 
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hydraulic cylinders, business machine platen 
cores, motor housings and rifle scopes, are now 
impacted instead of machined or die cast. 


Specific Examples 
In Fig. 1, the body housing (far left) is pro- 


duced as an impact from a slug 2.105 in. diameter 
and 5.332 in. long, weighing 1.86 Ib. To machine 
this part from bar stock, the material required 
would be 2% in. diameter and 834 in. long, 
weighing 3.2 Ib. Made as an impact, the mate- 
rial saving alone is 100%. 

Also in Fig. 1, the poppet valve (far right) is 
made as an impact from a slug 3% in. diameter 
and 25/6 in. long, weighing 1.82 lb. Compare 
this to the same part machined from bar stock 
3% in. diameter and 10 in. long, weighing 7.89 
Ib. Material saving here is 300%. Although 
these parts are not finished in every detail during 
impacting, the secondary operations of thread- 
ing, turning, and so forth, applicable to both 
parts, are 70% less than required to produce the 
parts from solid stock. In wrought aluminum 
alloys, the mechanical properties were increased 
20% by impacting. 6 


Fig. 2— These Tube-Type Aluminum Impacts 
Would Not Be Practical by Other Manufactur- 
ing Methods. Left to right — blank for a gear 
or sprocket head tubular shaft; high-pressure 
cylinder with integral spherical bulkhead and 
increased metal thickness on open end; basic 
impact to save material in large machined part; 
closed tube with thread attachment shoulder 
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Five times longer service expected from 
Ni-Vee bronze filter cone. Cast by A. W. 
Cadman Mfg. Co., Pittsburgh, Pa. 


Finished and installed in 12” auto- 
matic self-cleaning strainer by S. P. 
Kinney Engineers, Carnegie, Pa. 


Cone made of Ni-Vee’ bronze to last 
9S times longer in acid river water 


The filter cone you see above is being 
readied for work in corrosive Mo- 
nongahela River water. 

That’s why it’s made of Ni-Vee 
bronze. 

Expected life is at least five times 
longer than its predecessor, a grey 
iron cone now badly eaten away. In- 
stalled in a 12” automatic self-clean- 
ing strainer, the Ni-Vee bronze cone 
will give long-lasting support to 
filter elements that remove solids 
from water used for blast furnace 
cooling. 


Another important consideration 
in making this cone was machin- 
ability — all outer surfaces were 
drilled to receive filtering elements. 


Ni-Vee bronze easily met this need. 
Versatile Ni-Vee bronze 


Ni-Vee bronze does a multitude of 
industrial jobs. Five basic bronze 
compositions are available — Ni-Vee 
A, B, C, D, and E. They're modifi- 
able to meet all industrial needs for 
brass and bronze constructional, 
pressure or bearing castings. 

All the Ni-Vee bronzes deliver ex- 
cellent “‘as cast” strength, improv- 
able with heat treatment. (For 
example, Ni-Vee A bronze yield 
strength can be increased from 22,- 
000 psi as cast, to 55,000 psi!) In ad- 
dition, they supply easy castability, 
low shrinkage, pressure tightness, 
fine grain size and overall economy. 


Each Ni-Vee bronze provides spe- 
cial properties. Type A gives extreme 
strength. Type D furnishes very 
high resistance to seizure and galling. 
All types show little dezincification 
or stress corrosion under corrosive 
attack. 

Informative booklet 
on Ni-Vee bronzes 

“Engineering Properties and Ap- 
plications of Ni-Vee Bronzes” covers 
alloy compositions, strength proper- 
ties, resistance to high temperatures, 
corrosion, wear, along with other 
helpful information. Write us for 
your copy. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street New York5, N.Y. 


* Registered trademark 


NI-VEE BRONZES 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 
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Experience — the added al//oy in Allegheny Stainless 


M350 PROPERTIES (density—0.282 tbs. per cu. in) 


ALUMINUM 7075-76 
TENSILE STRENGTH 
DENSITY 
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Two for the space age—AL’s AM-350 and AM-355 
precipitation hardening steels 


A unique combination of highly desirable properties de- 
scribes Allegheny Stainless AM-350 and AM-355 Steels. 
They combine high strength at both room and elevated 
temperatures, excellent corrosion resistance, ease of fabrica- 
tion, low temperature heat treatment, good resistance to 
stress corrosion. 

They are proving the answer to many space age problems. 
Airframe and other structural parts, pressure tanks, power 
plant components, high pressure ducting, etc. are all 
natural missile and supersonic aircraft applications for 
AM-350 and AM-355. 


AVAILABILITY: AM-350, introduced several years ago, is 
available commercially in sheet, strip, foil, small bars and 
wire. AM-355, best suited for heavier sections, is available 
commercially in forgings, forging billets, plates, bars 
and wire. 

CORROSION RESISTANCE: Compared to the more fa- 
miliar stainless grades, AM-350 and AM-355 resist corrosion 
and oxidation better than the hardenable grades (chromium 


wsw 7516 


ALLEGHENY LUDLUM 


Export distribution: ARCO INTERNATIONAL 
EVERY FORM OF STAINLESS... EVERY HELP IN USING IT 
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martensitic) and only slightly less than the 18 and 8's. 
They resist stress corrosion at much higher strength levels 
than do martensitic stainless grades. 

SIMPLE HEAT TREATMENT: High strength is developed 
by two methods. Both minimize oxidation and distortion 
problems. The usual is the Allegheny Ludlum-developed 
sub-zero cooling and tempering (SCT): minus 100F for 3 
hrs plus 3 hrs at 850F. Alternate method is Double Aged 
(DA): 2 hrs at 1375F plus 2 hrs at 850F. 

EASY FABRICATION: AM-350 and AM-355 can be spun, 
drawn, formed, machined and welded using normal stain- 
less procedures. In the hardened conditions, some forming 
may be done . . . 180 degree bend over a 3T radius pin. 
Also AM-350 can be dimpled in the SCT condition to 
insure accurate fit-up. 


For further information, see your A-L sales engineer or 
write for the booklet “Engineering Properties, AM-350 
and AM-355." Allegheny Ludlum Steel Corporation, 
Oliver Building, Pittsburgh 22, Pa. Address Dept. MP22. 
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J. A. Neilson 
W. Feduska 


... Blue Ribbon Award Winners, 1958 A.S.M. Metallographic Exhibit 


BLUE RIBBON AWARD 
WINNERS for best 
photomicrographs in the 
Stainless Steel and Heat 
Resisting Alloys class— 
Messrs. J. A. Nelson and 
W. Feduska, Westinghouse 
Electric Corp., 
East Pittsburgh, Pa. 


THEIR AWARD-WINNING 
PHOTOMICROGRAPHS 


HAYNES 25 500K Carbon Diffusion in Two 


High-Temperature Alloys." 


100Xx HAYNES 25 


Bausch & Lomb Metallographs help industry boost output and 
maintaining quality by providing detailed magnified images— 
visual or photographic—for routine work and advanced research. 


The B&L Research Metallograph is one of a complete line of metallographic equipments. 
It provides ready choice of four different views of the same sample—by bright field, 
dark field, polarized light, or phase contrast—ensuring complete identification. 


Find out how these faster, easier, completely dependable analyses can help you 

save on time and materials. Write for Catalog E-240, 

and for complete expert advisory service. No obligation, 
of course. Bausch & Lomb Optical Co., 

63846 St. Paul Street, Rochester 2, N. Y. 


America’s only complete optical source... from glass to finished product. BAU SCH 6G 


Visit Bausch & Lomb Booth 219, National Metals Show, November 2-6, Chicago 
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Overcoming 
the 
Producibility 


Barrier... 


iBiLity does not always require a 
new alloy, but often a new use for an old one. 
For example, an automobile maker encountered 
difficulties in making the escutcheon for the front 
bumper lamps on its latest models. Breakage of 
the part was high and the finish did not match 
the chromium-plated bumper. By changing to a 
copper alloy similar to cartridge brass, 70% (see 
Data Sheet, p. 128-B), he reduced breakage to 
less than 1% and obtained a plated surface which 
matched the finish of the bumper. 


Radar Tube Problems 


Reliability is a problem equally as important as 
producibility especially in radars which are used 
for aircraft detection and guidance. Dependable 
performance is essential. Raytheon Co., Wal- 
tham, Mass., is making a new type of electronic 
tube called the Amplitron, which boosts the out- 
put power of radar installations by 8 to 14 times 
and nearly doubles their range. Problems in 
tube design and manufacture include extreme 
mechanical accuracy, obtaining durable connec- 
tions, heat dissipation and vacuum retention. 

Although the anode cavity depends on main- 
taining tight dimensional tolerances for proper 
performance, it can be formed for some tube de- 
signs out of a solid blank of oxygen-free copper 
by cold forging —with a single press stroke. 
Copper’s malleability makes this possible. The 
many connections can be brazed reliably because 
of good joining properties. 

Heat could be a problem in the tube because 
of its high output (above 4 megawatts). Copper’s 
thermal conductivity handles it. Good high- 
temperature characteristics of the metal are 
enhanced by its freedom from oxygen. Oxida- 
tion, scale formation and conductivity losses are 
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Copper-Base Alloys 


by More Suitable Selection of... 


eliminated. The high (50 to 70%) electrical effi- 
ciency of the tube depends, of course, on copper’s 
electrical conductivity. 

Vacuum retention in a tube is excellent be- 
cause oxygen-free copper is not only nonporous 
but its high purity prevents the formation of 
gases. The vacuum envelope is therefore secure; 
nothing seeps in or is generated within it. 


Boat Trailer Bushing 


Steel has been replaced by 70-30 cartridge 
brass in bushings of boat trailers made by Hols- 
claw Bros., Inc., Evansville, Ind. Bushings are 
made from light drawn brass tubes, and range 
from 3g to 13/16 in. LD. and 1% to 14% in. long. 
They are inserted in the rubber rollers that facili- 
tate loading and unloading a boat to and from a 
trailer. A pneumatic press inserts and flares the 
bushings at each end to hold the roller in place. 
Brass tube takes the flaring operation without 
cracking. This excellent formability and in- 
herent corrosion resistance have decreased rejects 
and improved the performance of the rollers. 
They always roll. 


Water Pumps 


The use of bronze has increased producibility 
and sales appeal of sump pump motors made by 
Franklin Electric Co., Inc., Bluffton, Ind. The 
company recently switched to bronze casings for 
its Series 350 Submatic motor (Fig. 1). Ob- 
ject: better corrosion resistance and appearance 
than the metal previously used. 

Because it is always in contact with water, the 
pump is exposed to highly corrosive conditions. 
Its buoyant watertight bronze casing automati- 


*Based on an article by the Copper and Brass 
Research Assoc. 
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Fig. 1 — Bronze Shielding for Sump Pump 
Motor Assures Protection Against Corrosion 


sally actuates a motor switch as the sump water 


level changes, turning on the pump when the 


water rises and shutting it off as it falls. This 
arrangement eliminates unsightly and compli- 
‘ated external floats and switches. 


Sprinkler Cost Cut 


Excessive machining time slowed production 
of threaded brass rings for lawn sprinkler systems 
at H. L. Gee Mfg. Co., Beverly Hills, Calif. The 
rings, which are used in the moving piston parts 
of the company’s Gee King pop-up sprinkler 
heads, were difficult to machine without ex- 
cessive scrap accumulation. After changing to 
high-leaded brass tube, machining time dropped 
by one third and scrap was reduced by 80%. 


Printed Circuits 


The Taylor Fibre Co. of Norristown, Pa., saved 
30 to 50% in assembly costs by using printed cir- 
cuits (Fig. 2), constructed from a new copper- 
clad laminate (glass-epoxy), in infrared photo- 
reconnaissance equipment. This equipment is 
now in advanced pilot production at Haller, Ray- 
mond & Brown, Inc., State College, Pa. The 
printed circuit was adopted in 1958 when the 
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Fig. 2—Printed Circuit Panel (a Copper- 
Clad Plastic Laminate), Used in Redesigned 
Airborne Camera, Requires Less Space 
and Can Be Easily Removed for Service 


Fig. 3 — Change to Extruded 
Hinge Part Cut Costs 40% 


firm redesigned the aerial camera from the 
ground up. Miniaturization and modular con- 
struction were prime targets. 

Etched circuitry permits a reduction of 10 to 
20% in space required. Critical signal-level cir- 
cuits need no longer be individually adjusted for 
uniform, interwire capacitances. Maintenance 
and repair are easier and less costly, because 
modular construction allows fast replacement of 
panels in service. 

Custom-extruded shapes can be supplied by 
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brass mills to reduce the time and cost of machin- 
ing. For instance, a watchmaker buys extruded 
brass shapes and slices pieces from them to a 
desired thickness ready for finish machining to 
wrist watch cases. The slicing operation from 
the custom extrusion is a cost-cutting alternative 
to the blanking, milling and drilling necessary 


Overcoming 


the 
Producibility 
Barrier... 


“austenrric” stainless alloys 
have gained in importance over the past 12 
months. For example, the B-70 Valkyrie “chemi- 
cal” bomber, which employs one such alloy as 
the main sheet construction material, will travel 
at speeds up to 2700 miles per hr. without suffer- 
ing damage from intense air-friction heat. In 
proper designs, these hardenable alloys provide 
high strength and hardness with excellent re- 
sistance to corrosion. They have good formabil- 
ity, and can be hardened at temperatures low 
enough to minimize distortion and oxidation. 


Nuclear Use 


Low cobalt content in stainless steel for nu- 
clear use is desired because of the ravaging 
influence of irradiation. Were cobalt content not 
restricted, corrosion products containing cobalt- 
60 could pose serious maintenance problems and 
hazards to personnel doing repair work. Cobalt- 
60 also may move out of the stainless alloy and 
contaminate the entire primary loop of the nu- 
clear system. Now commercial quantities of 
austenitic Type 304 L may be ordered with cobalt 
controlled to a value acceptable for use within 
the core of a reactor—perhaps as low as 0.005%. 

A second development of significance to nu- 
clear engineers is boron-treated stainless alloys. 
Type 304 L with about 2% boron possesses high 
thermal neutron absorption, good structural 
stability at 500° F. under irradiation, and good 
corrosion resistance. 
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in making the case from ordinary bar stock. 

In another example, the cost of a part in a 
hinge assembly (see Fig. 3) for Northrop’s 
Talon supersonic trainer was reduced 40% by 
switching to an extrusion. When machined from 
solid brass bar, the cost of the part was $86. Use 
of the extrusion cut the price to $51. 8 


by More Suitable Selection of .. . 


Stainless Steels 


By RICHARD E. PARET* 


Until recently, this alloy has not been com- 
mercially available. The metal was formerly 
melted in vacuum furnaces, and heats were lim- 
ited to less than 4000 Ib. Electric furnace melt- 
ing can now produce heats of 24,000 to 28,000 Ib. 

A third stainless steel development may prove 
useful not only for nuclear reactors but also in 
other high-temperature applications. Nitrogen is 
closely controlled (0.3 to 0.5%) and chromium, 
nickel and manganese levels are maintained at a 
22:4:9 ratio. The alloy resists erosion, oxidation 
and corrosion at temperatures up to 1600° F. 
Tensile strength exceeds 162,000 psi. at room 
temperature. Rupture strength decreases to 
about 50,000 psi. at 1100° F. in extended service. 


Type 316 Improved 


Important to corrosion engineers in the proc- 
ess industry is the development of a modified 
Type 316, termed alloy D-319. Over the past 15 
years, several users have tested D-319. Both 
Tennessee Eastman Co. and E. I. du Pont de 
Nemours & Co., Inc., have verified test results: 
Close control of constituents of Type 316 will 
substantially improve its corrosion resistance and 
service life. 

Chemical processing firms now accept alloy 
D-319 as slightly preferable to Type 316. The 
American Society of Mechanical Engineers has 
accepted D-319 within the framework of its 

*Stainless Steel Specialist, American Iron and Steel 
Institute, New York. 
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Fig. 1 — New Buses Designed by Mack Trucks, 
Inc., Will Be Protected by Bumpers Clad With 
Stainless Steel (Type 301). Here workmen at 
Parish Pressed Steel Div., Dana Corp., remove one 
of the bumpers from a 1000-ton capacity press 


boiler, pressure and oil pipe codes. The low- 
carbon version, D-319 L, also is being approved 
under the A.S.M.E. pressure vessel code. 


Nitrogen Strengthens Type 301 


Metallurgists have been aware for many years 
that the mechanical properties of Type 301 stain- 
less could be enhanced by increasing the carbon 
or lowering the nickel content. Earlier attempts 
at such modification, however, resulted in a steel 
which work hardened rapidly. This trait limited 
the range of cold reductions at which the most 
desirable combination of strength and ductility 
could be obtained. 

Recent investigations now suggest that the 
high work hardening rate of Type 301 can be 
controlled by reducing the nickel and simultane- 
ously increasing nitrogen content. Stainless 
Type 301 modified in this manner exhibits higher 
ductility at a given strength level than does 
standard Type 301. Modified Type 301 also 
appears suitable for high-temperature service in 
the 800 to 1200° F. range. Possible uses include 
wing and skin surfaces, honeycomb skins, tail 
cones, bearings, cowlings and some shrouds. 
Sandwich Rolling 

Announced in December 1957, “sandwich” 
rolling has progressed beyond the experimental 
stage. In this process, several stainless plates are 
sandwiched between two carbon steel cover 
plates. After its edges are welded, the sandwich 
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which formed it in one stroke. Made from mild 
steel clad on both sides with stainless, the bumpers 
are 0.118 in. thick, 17% in. wide, and 109 in. long. 
Trimming is not necessary after they are formed. 
(Courtesy of Allegheny Ludlum Steel Corp.) 


is heated and hot rolled on a conventional plate 
rolling mill. Typical sheets are 0.075 in. thick, 
120 in. wide, and 240 in. long. Since the sheets 
do not contact the atmosphere during hot rolling 
and annealing, decarburization is negligible. 

Stainless steel foil is available down to 0.0005 
in. thick. Applications include honeycomb skins, 
electronic tubes, and missile and satellite instru- 
mentation. Stainless foil 2 mils thick has been 
thinly coated with titanium activated with tri- 
tium for use as a radiation source. 


Improvements in Fabrication 


Cold roll flowing of stainless steel offers weight 
reduction and better uniformity of mechanical 
properties in all directions. Like metal spinning, 
roll flowing contours parts by cold shaping over 
a mandrel. Roller pressures above 200,000 psi. 
displace the stainless until it assumes the desired 
wall thickness and design contours. Frequently, 
the process will reduce or eliminate need for 
machining or welding. In fabrication of several 
hundred 3-in. O.D. stainless steel shells, 7 in. 
long, for example, roll flowing plus a re-forming 
operation reduced costs by one third and saved 
the fabricator about $1 per piece. 

The narrow and variable band between yield 
point and ultimate strength in certain alloys pre- 
vents them from being formed by conventional 
methods. New stretch forming equipment com- 
pensates for yield strength variations in these 
high-alloy stainless grades, and permits stretch 
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Fig. 2— Electrolytic Plat- 
ing Machine at Republic 
Steel's Massillon, Ohio, 
Plant Is the First of Its 
Type Installed for Copper 
Plating Stainless Cold Head- 
ing Wire. Unit deposits 
a 0.0002-in. thick coating 
which serves as a_ lubri- 
cant during cold heading 


forming without tearing of sheets. The ultimate 
answer, of course, lies not in machine refinements 
but closer control of yield strength variations by 
steel producers. Progress is being made here. 

In wiredrawing, it's reported that molybdenum 
disulphide improves drawability of Type 430 
stainless. This solid lubricant not only resists 
high temperatures but also has superior resistance 
to die pressure and excellent lubricating proper- 
ties. Metallic soaps and metallic lead drawing 
compounds, formerly employed, did not always 
give adequate lubrication. 


Hot Extrusion 


Stainless extrusions differ from rolled or drawn 
shapes in several important respects, most sig- 
nificant of which is the availability of complex 
contours, including deep undercuts, that were 
previously not possible in stainless steel. 

Cost of tooling for hot extrusion is low — about 
$175. (See p. 114.) Compare this with the cost 
of rolls to make nonstandard sections — $1000 
to $10,000. Thus, with short production runs, 
hot extrusions may be more economical. Petro- 
leum refiners, chemical processers, aircraft 
makers and nuclear engineers frequently require 
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special stainless steel tubular shapes with dis- 
similar inside and outside contours. These can 
be extruded in long lengths by the new process. 

Earlier this technique was thought suitable 
only for mass production of standard sections. 
Now many roll formers claim the ability to pro- 
duce standard stainless shapes on a job shop basis 
at relatively low cost. 

Stainless structural members in Union Car- 
bide’s office building now being built in New 
York City are roll formed. In a number of in- 
stances, stainless roll-formed sections are chosen 
in competitive bidding over extrusions of other 
materials. 

Roll-formed sections at lower cost are a dis- 
tinct prospect because of die standardization. 
Dies represent a substantial proportion of the 
total cost of roll-formed sections and these costs 
can be apportioned over more than one job if 
customers buy stainless sections formed by com- 
bining a number of individual but standard dies. 

One roll former supplies stainless trim for 
household refrigerators. Later with only one 
additional forming die he filled the order of 
another appliance manufacturer for stainless 
steel oven and range trim. 
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There are now 25 standard electrode compo- 
sitions, as well as a number of special types. 
Several years ago, stainless electrodes were avail- 
able only in 18-8, 25-12 and 25-20 compositions. 

Copper and stainless steel can be joined by 
welding. Proper technique calls for beveling 
both copper and stainless steel plates to provide 
an included angle of about 80°. After heating 
the copper to 1000° F., its beveled surface is 
covered with a copper-nickel weld. Welding 
of stainless to copper plate proceeds in almost 
conventional manner. The resulting bond is 
strong, ductile and sound. 

Experience with the hardenable “austenitic” 
stainless grades indicates that these alloys are 
also fully weldable by the same techniques and 
processes currently used for the austenitic stain- 
less steels. Postweld annealing of joints at 
1710° F. restores the loss in properties frequently 
encountered. Mechanical tests on fusion welds 
0.024 to 1 in. thick show joint efficiencies of 90 
to 100% over a range of tests from room tempera- 
ture to 900° F. 

Resistance welding of stainless alloys has been 
favored as a joining method for many years be- 
cause the high electrical resistance of stainless 
facilititates rapid, distortion-free welds. Many 
fabricators, however, have reported difficulty in 
adjusting equipment to spot weld stainless with- 
out leaving indentations or residual weld marks. 
Equipment now is available which, it is claimed, 
eliminates the problem. Closely controlled weld 
time, coupled with transformers of special design, 


Overcoming 
the 

Producibility 

Barrier... 


by More 


Ficunre 1 illustrates an example of how 
magnesium is coming of age as an everyday 
metal. Modern lightweight luggage capable of 
taking the bumps and bruises of rough handling 
is being made from magnesium extrusions and hot 


*Metallurgical Laboratory, Dow Metals Products 
Co., a division of Dow Chemical Co., Midland, Mich. 
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Suitable Selection of .. . 


Magnesium Alloys 


permit this. It finds wide use in the joining of 
Type 430 stainless for automotive bright work. 


Cutting Is Cleaner 


Tungsten-are cutting of stainless has long 
found use among producers. Fabricators and 
distributors, however, have been reluctant to 
adopt the technique. Shape-cutting equipment 
currently available makes complex shapes on the 
warehouse floor, with little waste. In comparison 
with powder-cut plate, stainless cut with tung- 
sten arc is cleaner, without iron-powder contami- 
nation, and has little or no carbide precipitation. 
Edge machining frequently is not required. 


Honeycomb Structures 


One fabricator finds silver brazing feasible in 
a gas-fired radiant furnace. The stainless steel 
honeycomb and skin are assembled and placed 
within a foil envelope. Air is withdrawn and a 
suitable brazing atmosphere is introduced. The 
assembly is mounted in a fixture, preheated 
to 1100° F. and automatically pulled through the 
furnace where joining takes place at 1750° F. 

In another method, flexible electric heating 
blankets are employed to heat honeycombs to 
brazing temperature. A wire mesh resistance 
heater within a blanket of high-temperature 
silica is placed directly against the outer skin of 
the stainless. Brazing of irregular shapes and 
thin-edged honeycomb, which tends to distort 
in a furnace, are potential applications of this 
joining technique. S 


By T. E. LEONTIS* 


formed sheet by Shwayder Bros., Inc., Denver. 
The Silhouette design is produced at the rate of 
3000 pieces per day in the world’s largest hot 
forming operation for magnesium. 
structure consists of two drawn magnesium shells 
and two bent tongue-and-groove magnesi: i ©x- 
trusions. These parts are formed at 350 tc 500” F. 


Its basic 


METAL PROGRESS 


Shwayder selected magnesium because it com- 
bines light weight with resistance to denting and 


fracturing. 


Use of wrought forms of magnesium alloys is 


expanding for such com- 
mercial items as ladders, 
scaffolding, tools, furni- 
ture, concrete wall pouring 
forms, materials handling 
equipment, and for office 
machines. 


Wide Sheet and 
Plate Available 


alloys contain- 
ing aluminum and zinc 
continue to be the back- 
bone of the magnesium 
industry, several new com- 
positions and the operation 
of a modern rolling mill 
and extrusion plant (Dow 
Metal Products Co., Madi- 
son, III.) are stimulating the 
use of magnesium in com- 
mercial applications. The 
new facilities produce sheet 
and plate, both flat and 
coiled, in widths ranging 
up to 72 in. 

The extrusion plant is 
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Fig. 1 — Modern Luggage Made From Mag- 
nesium Extrusions and Hot Formed Sheet 


Fig. 2— Strength of New Alloy (ZE 10 A) Per- 
mits Its Fabrication Into Large Structures. 
Stress-relieving is not necessary after welding 
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Fig. 3— New Wrought Magnesium Prod- 
uct, the Precision Extrusion, Here Used in 
the Spacer of a Paper-Cutting Machine 


equipped with presses of 250 to 5500 tons ca- 
pacity and a heavy press of 13,200 tons capacity. 


Applications 


Magnesium alloy AZ 31 B (3% Al, 1% Zn) is 
employed as tooling plate. Available in thick- 
nesses from 4 to 6 in., it costs less than other 
lightweight tooling metals. Flatness of the as- 
rolled plate is satisfactory for tooling purposes. 
Magnesium treadplate, also rolled directly, is 
made into dock boards, platforms, and mechani- 


Overcoming 
the 
Producibility 


Barrier... 


by More Suitable Selection 


Whovcut alloys are 
gaining more prominence in welded structures 
with the perfection of inert-gas-shielded arc weld- 
ing. This method eliminates the need for fluxes; 


*Development Engineers, Aluminum Co. of 
America, Pittsburgh. 
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cal handling equipment where strength, light 
weight, ruggedness and long life are required. 

Alloy ZE10A (1.7% Zn, 0.17% rare earth 
metals) is a new sheet composition. Unlike 
AZ 31 B, stress-relieving after welding is not 
necessary. This advantage, when combined with 
the good strength (38,000 psi. tensile, 28,000 psi. 
yield, 15% elongation), and the excellent weld- 
ability of the alloy, promises high productivity of 
large structural assemblies. Large storage bins 
made by Tote Systems, Inc., (Fig. 2) are fabri- 
cated of ZE 10 A sheet. 

A new magnesium wrought product — the pre- 
cision extrusion — can be made with dimensional 
tolerances formerly obtained only by extensive 
machining. Figure 3 shows the application of 
two precision extruded shapes in the spacing 
mechanism of a paper-cutting machine. 

Magnesium die casting has advanced with the 
development of an automatic process for feeding 
metered quantities of molten magnesium into the 
shot well of a cold chamber die-casting machine. 
Alloys AZ 91 A and AZ 91B, a slightly different 
composition, are used in a broad range of die- 
casting applications, mostly commercial. Ex- 
amples include automotive parts, electric motor 
end frames, camera and projector parts, portable 
tools, electrical connection plugs, tape reels and 
missile parts. 

The biggest gains for magnesium have been in 
airframes and missiles. In Metal Progress next 
month, developments in these fields will be dis- 
cussed and a data sheet will cover commercial 
magnesium alloys, their properties and uses. & 


Of. 


Wrought Aluminum Alloys 


By E. P. WHITE, R. C. KASSER and L. M. DUNN* 


it concentrates the heat better and reduces crack- 
ing. Welds are strong and ductile. Tank trailers 
and dump truck bodies (Fig. 1) can now be 
made by welding these strong aluminum alloys — 
such as 5154 and 5086. Tank trailers fabricated 
from them have been satisfactory for carrying 
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nitrogen fertilizer solutions, sugar syrups, and 
high-octane gasoline. 

There remains one restriction in the use of 
5154 and 5086 — corrosion resistance at elevated 
temperatures is not satisfactory. However, 
another aluminum-magnesium alloy — 5454 — is 
comparable in strength to 5154 and 5086 alloys 
(Table I) but has better resistance to corrosion. 
Tanks made of this new alloy can haul hot oil 
and asphalt, foodstuffs, and other commodities 
at temperatures up to 450° F. 

In addition to tank trailers, the trucking indus- 


Table I — Typical Properties of Weldable 
Aluminum-Magnesium Alloys 


ALLOY AND ULTIMATE Yietp | ELONGATION 
TEMPER STRENGTH | STRENGTH in 2 IN. 

5052 28,000 psi. | 13,000 25% 
5052-H32 | 33,000 | 28,000 | 12 
5052-H34 38,000 31,000 10 
5154-0 35,000 17,000 27 
5154-H32 | 39,000 30,000 15 
5154-H34 | 42,000 | 33,000 | 13 
5154-H112 | 35,000 | 17,000 25 
5454-0 36,000 | 17,000 | 22 
5454-H32 | 40,000 30,000 | 10 
5454-H34 | 44,000 35,000 10 
5454-H112 | 36,000 18,000 | 18 
5086-0 38,000 17,000 | 22 
5086-H32 | 42,000 | 30,000 | 12 
5086-H34 47,000 | 37,000 | 10 
5086-H112 | 39,000 | 19,000 | 14 
5456-0 45,000 23,000 | 24 
5456-H321 | 51,000 37,000 | 16 
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Fig. 1— Built of Welded Aluminum Sheet 
(Alloy 5154) no Thicker Than the Steel Used 
Before, This Truck Body — Capacity 18 Cu. 
Yd. — Weighs Only 7400 Lb. and Can Haul 
30% More Load. Truck has been operating 
for three years at a Pennsylvania strip mine 


try has applied the aluminum-magnesium alloys 
to welded dump truck bodies. For example, 
aluminum dump trailers 40 ft. long haul uranium 
ore in the Rocky Mountains over rough unpaved 
roads and concrete highways. A fleet of 16 
exhaust-heated dump bodies has also been fabri- 
cated of welded 5454. These units, the largest 
of their kind, are heated with exhaust gases to 
help dump wet sticky ore. 

Another new alloy — 5456 —is recommended 
for construction of huge bottom-dump trailers 
for rugged off-highway rock hauling. Average 
tensile strength across welds is 46,000 psi. and 
free bend elongation is 28%. Seven bottom- 
dump trailers, each with 80 cu.yd. capacity, have 
been built with this alloy welded with 5556 filler 
wire. These mammoth units are expected to go 
into service within the next few months. 

Passenger Cars — Use of aluminum in the 1959 
passenger cars is expected to reach 283 million 
lb. Each auto carries an average of 51% Ib. 
of aluminum. About 10 Ib. of this is trim or 
decorative parts made from three low-magnesium 
alloys of high purity (5357, 5457, 5557). Alloy 
5557, the newest alloy, gives the most lustrous 
anodized finish. Although European auto makers 
have used aluminum trim for years, they found 


137 


it impossible to obtain the high luster typical 
of chromium plate without turning to anodized 
super-purity aluminum. There is one disad- 
vantage — super-purity aluminum is expensive. 
However, with special alloying techniques and 
improved mill practices, these bright long-lasting 
finishes for aluminum are possible at competitive 
prices. Standard moldings are now specified in 
5357, 5457, and 5557 aluminum alloys. Emphasis 
is on lighter automobiles and new style features, 
and it is expected that aluminum bumpers will 
be the next major breakthrough for this family of 
alloys which can be anodized to a highly lustrous 
finish. 

Structures — Highway construction has stimu- 
lated the use of aluminum. With few exceptions, 
aluminum has become the material for lighting 
standards and luminaires, signs, and bridge rail- 
ings (200,000 ft. of aluminum railings were in- 
stalled on the Ohio Turnpike alone). Lower 
maintenance cost is an important factor here. 
Castings and tubes are assembled to make rail- 
ings; lighting standards are tapered shafts spun 
from aluminum tubes with brackets attached by 
bolts through welded fittings. 

Aluminum has been making gains in bridge 
construction also. A continuous four-span bridge, 
222 ft. long, was erected in lowa during 1958. 
Most of the components of the plate girder span 
were prefabricated in the shop by welding and 
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Fig. 2 — Philadelphia Electric Co. Switched 
to Aluminum Structures at One of Its 
Power Stations. Components were fab- 
ricated by welding rectangular tubing 


later joined at the construction site by bolting. 
Principles of aircraft design are being applied 
to bridge construction by Fairchild Engine and 
Airplane Corp. 

Utility companies in highly industrialized areas 
where maintenance of galvanized steel has 
proved costly have long used aluminum for sub- 
station structures (Fig. 2). Recent advances in 
welding are widening this application. Alumi- 
num transmission towers, planned for future 
construction, will be made of standard shapes 
bolted together. 

Ribbed aluminum roofing sheets can now be 
used to span open roof-supporting systems, thus 
eliminating the need for the continuous wood 
roof deck which has been used in home construc- 
tion for centuries. 

In a recently constructed hospital, extruded 
“T” stiffeners support the Y%-in. thick panels 
which make up the exterior curtain wall. The 
stiffeners are bolted to studs which have been 
welded to the backs of thin panels. Evidence of 
welding cannot be seen on the front of the panels. 

A new sandwich panel is now available. 
Foamed polystyrene is bonded on one or both 
sides to aluminum sheet. Other materials such as 
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plywood, hardboard or cement asbestos board 
can be bonded to the foam core either as a back- 
up for the aluminum facing or as the facing on 
one side. 

Finishes — The application of porcelain enamel 
to aluminum has become practical within the 


Fig. 4 — This Curtain Wall ls Supported by Extruded “T” 
Aluminum Bolts Welded to the Inside Surface of the Panels. 


Fig. 3 — New Finish for Aluminum Sheet De- 
pends on Grain Growth to Give Spangle Effect 


last decade with the development of low-firing 
frits. Materials and methods have also been 
developed for anodizing aluminum for exterior 
Recent advances in baked enamels 
have made available siding and roofing protected 
with this finish for home construction. 


application. 


Stiffeners Attached by 
Although the curtain 


wall is only % in. thick, it shows no evidence of welding on the outside surface 


iin 


Research has led to new alloys for clear 
anodic finishes which preserve the natural beauty 
of aluminum with few surface imperfections. 
Certain alloy constituents also provide integrally 
colored surfaces after anodizing. The most 
widely used alloys of this type are those which 
produce various shades of gray. In addition, 
progress is being made with alloys which when 
anodized will be tinted with shades of gold. 


Overcoming 
the 
Producibility 


Barrier... 


SreecMakers EXPECT that applications for 
heat treated constructional alloy steels will in- 
crease sharply in the next few years. Although 
they cost more than carbon grades, their greater 
strength-to-weight ratios permit — significant 
weight savings. Alloy steels are definitely not 
universal substitutes for carbon structural grades, 
but they fit into the picture where strength and 
weight are prime factors. The Carquinez Straits 
Bridge across one arm of San Francisco Bay illus- 
trates sensible design with three structural steels 
of various strength levels. Roughly 6500 tons of 
carbon steel (A-7) were used in the lower-strength 
members, and 5400 tons of a high-strength low- 
alloy grade (A.S.T.M. A-242) were employed in 
medium-strength areas. Highly stressed mem- 
bers weighing 2900 tons were made from “T-1” 
constructional alloy steel. 

Use of alloy steel in major tension and com- 
pression members of structures permitted sig- 
nificant weight saving. Weight reduction ef- 
fected by using three steels in the design of this 
bridge saved an estimated $800,000. For ex- 
ample, where 114-in. sections of “T-1” were em- 

The editors gratefully acknowledge the help of 
the following organizations in preparing this article: 
American Iron and Steel Institute; Bethlehem Steel 
Co.; Chevrolet Engineering Center; Copperweld 
Steel Co.; Ford Motor Co.; Inland Steel Co.; Jones 
& Laughlin Steel Corp.; Lamson and Sessions Co.; 
La Salle Steel Co.; Lukens Steel Co.; Republic Steel 


Corp.; U.S. Steel Corp., and Youngstown Sheet and 
Tube Co. 
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Carbon and Alloy Steels 


Additional forms of aluminum sheet are also 
being introduced. For sheet which is embossed 
— either one or both sides — the trend seems to 
be toward large, bold patterns. A way has been 
found to combine production and finishing tech- 
niques to take advantage of grain growth. Rela- 
tively large grains, purposely produced, provide 
an attractive spangle effect on sheet surfaces 


(see Fig. 3). 


by More Suitable Selection of .. . 


ployed, carbon steel sections on the order of 
314 in. would have been required. 

Columbium-bearing steels also offer potential 
savings in weight and cost. Available in hot 
rolled sheet, these mild steel grades rely on the 
addition of columbium for high strength and 
good weldability. 

Greater use of steels with higher carbon and 
manganese content for heat treated parts has 
resulted in a need for more hardenability data. 
These steels are sometimes substituted for the 
lower-alloy grades. For example, C-1041 steel 
has replaced some of the steels in the 1300 series. 
Work has been under way to establish harden- 
ability bands for C-1041 and C-1045, and data 
should be available soon. 

Where the cheaper carbon steel will not do the 
job it becomes necessary to turn to the alloy 
grades for greater strength. In one instance a 
tractor manufacturer changed from a 1046 steel 
to a modified 1335 grade containing 0.35% C and 
1.50% Mn for links and rollers for one of its lines. 

More emphasis is being placed on improved 
notch toughness to prevent brittle fracture in 
service. Surveys show that low carbon, phos- 
phorus, and nitrogen contents in unhardened 
pearlitic steels yield best toughness, particularly 
if the manganese, nickel, silicon, and aluminum 
levels are raised and fine ferritic grain size is 
maintained. In general, the lower the tempera- 
ture of transformation of heat treated steels, the 
better the toughness. To develop superior notch 
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toughness when the transformation is low, 
tempering is required, but the various types of 
tempering embrittlement must be avoided. 
Even then, small amounts of the products which 
form at high transformation temperatures (pearl- 
ite and upper bainites) may seriously impair the 
toughness of tempered martensitic steels. 


Hydrogen in Forgings 


The forging industry has known for some time 
that small amounts of hydrogen have an adverse 
effect on ductility and on susceptibility to flaking 
in forging steels (see Metal Progress, July 1959, 
p. 72). Experimental work has shown that mois- 
ture content of the steelmaking furnace atmos- 
phere, the slag basicity, and the degree of 
oxidation of the slag-metal system largely control 
the hydrogen content of the liquid steel during 
basic electric steelmaking. Close control of these 
variables results in hydrogen contents of 2 to 
3 ppm. However, at this level extensive heat 
treatment to prevent flaking is still required. 

Vacuum casting can reduce hydrogen to about 
1 ppm. Forgings made from vacuum-cast ingots 
have little or no susceptibility to flaking. Ingots 
110 in. in diameter and weighing up to 235 tons 
can be made. Tests indicate that the hydrogen 
level is about 80% lower than in forgings made 
from ingots cast in air. 

Consumable-electrode vacuum melting, for- 
merly restricted to production of high-quality 
aircraft steel, may find more commercial use in 
the near future. There appears to be less varia- 
tion in the transverse and longitudinal properties 
— particularly reduction in area—in rolled and 
forged metal made from arc melted consumable 
electrode vacuum-cast ingots. Vacuum are melt- 
ing apparently breaks up and redistributes the 
nonmetallics, an effect which may well account 
for the improvement in directional uniformity. 
Bearing manufacturers are interested in the proc- 
ess because it may be one way for them to get 
better reliability from their product, especially in 
mill bearings, and diesel engine bearings where 
failure of parts causes long and expensive shut- 
downs or safety hazards. 

Cold finished bars may be the answer to pro- 
ducibility problems where high strength (above 
100,000 psi.) and machinability are required. 
These steels are basically the C-1144 grade, cold 
drawn for good strength, and stress-relieved to 
control after-machining distortion. They have 
been replacing alloy grades 4140 and 8620 in ap- 
plications where impact strength is not critical. 
These steels are most economically used where 
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the high hardness level of the bar is sufficient to 
eliminate the need for heat treatment after ma- 
chining. One producer of portable electric tools 
now makes some of its shafts, gears and pinions 
from cold finished bar steel. Production costs 
have dropped because it is less expensive, it 
machines faster, and heat treatment is not nec- 
essary or has been decreased from what was 
previously required with a low-alloy steel. 


Elevated-Temperature Drawing 


In one of the newer developments in bar pro- 
duction, drawing is carried out at “warm” tem- 
peratures below crystallization. Warm drawing 
imparts higher strength to bar stock than is com- 
mercially practicable by cold drawing and strain 
relieving. Limited now to C-1144, it is expected 
that the process will be extended to the produc- 
tion of bars of other compositions. 


Larger Coils 


To keep pace with the desires of fabricators 
who want to use coil rather than cut sheets, steel 
companies are carrying on a continuing program 
to revamp rolling mills. Can manufacturers, for 
example, are making greater use of coil steel. 
Demand for larger coils apparently stems from 
automated production which reduces handling 
costs and takes full advantage of the continuous 
blanking and forming operations. Large coils 
also reduce costs by eliminating the need for 
heavy inventories of various sized sheets because 
they can be slit and sheared to smaller sizes. 
Also, producers of cold headed parts get more 
producibility from larger wire coils because 
downtime is less. 


Steels for Automobiles 


In the auto industry some alloy steel parts have 


been changed to carbon steel without sacrificing 
reliability. This has occurred generally where 
sections are light and where improved heat treat- 
ing practice can be employed to enhance the 
mechanical properties of carbon steels. In some 
instances, the change from alloy to carbon steel 
for a specific application has actually improved 
the performance of the part. For example, rear 
axles are now made of C-1045 by at least one 
auto maker because fatigue life is better than if 
they were made of alloy steel. 

But the weight of alloy steels per unit in the 
lower-priced automobiles still exceeds that in 
the more expensive models. While alloy steels 
are not necessary in some parts, the switch to 
cheaper carbon grades would require a tremen- 
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Fig. 1 — Use of Alloy Steels in Large Structures 
Can Result in Lower Costs. Shown above is a 
large air accumulator (50,000-gal. capacity) being 
constructed of “T-1” plate supplied by Lukens 
Steel Co., Coatesville, Pa. Strength of the vessel's 
walls is the same as it would be if made of heav- 


dous increase in the cost of inspection. Auto 
makers are improving heat treating techniques 
(better temperature control, rapid induction heat 
treatment, less transfer time to quenching med- 
ium) and part design. This will permit a change 
to the cheaper carbon steels in more parts. 

In applications which demand that parts be 
easily machined as well as weldable, the low- 
sulphur leaded carbon steels have gained. Ex- 
perience has shown that lead in steel is not as 
detrimental to welding characteristics as sulphur. 

Where the shape of a part is more important 
than its strength, economic increases in produc- 
tion rates are possible with a resulphurized, 
rephosphorized, leaded carbon steel (12 L 14). 
Allowable machine speeds are often not high 
enough to take advantage of the excellent ma- 
chinability of this steel. Some shops have 
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ier-gage mild steel plate. Construction is quicke 
because the thinner plates can be welded with 
fewer passes. The tank, which is 65 ft. high 
and 11 ft. in diameter, is hydrostatically tested 
for a working pressure of 585 psi. at —20 
to 125° F. Welds are X-ray inspected 100% 


switched to 12L 14 rather than buy new ma- 
chines to increase production rate. One reason 
for the growth of the list of leaded steels and 
their application is the fact that automatic ma- 
chines can be set up to handle hot rolled stock 
even though dimensional variations are greater 
than in cold drawn bars. 


Cold Heading 


Cold heading and cold extrusion continue to 
grow in importance. Neither machining nor heat 
treatment may be required after the part has 
been formed. For the cold heading process car- 
bon steels such as the 1008, 1010, 1018, 1020, 
1022, 1035, 1038, 1041 and 1045 grades are being 
used most. Low-carbon steels are employed 
where strength is not critical. They may require 
stress-relief after heading. For automobiles such 
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Front End Suspension Part 


Cold headed parts are getting larger. This auto- 
mobile part, made of 8640 steel, was cold headed 
(left), then machined to the finished piece 
(right ). It was heated to 1500° F., oil quenched, 
and tempered at 900° F. for at least 1 hr. to Rock- 
well C-30 to 36. Use of alloy steel in this applica- 
tion provides a high safety factor. 
K. ]. Sorace, Lamson & Sessions Co. ) 


(Source — 


items as cylinder head bolts, body bolts and front 
end parts are made of quenched and tempered 
1045. If strength is desired and the cheaper 
carbon steels will not do the job, designers 
specify alloy steels such as 8640 (suspension 
balls), 4037 (aircraft applications), and 1335. 
In carbon steels, auto parts such as spark plug 
shells and stoplight switch housings, which re- 
quire machining after forming, can be economi- 
cally made by cold heading a resulphurized 
rimming grade C-1110. Surface of bar stock is 
excellent. 

A new grade, actually a modified C-1012 grade 
with lower carbon and higher manganese, has 
recently appeared as a bar product for cold ex- 
trusion of parts which will later be carburized. 


Warm Heading 


Applications of warm heading are expanding. 
Increased formability at warm temperatures 
means that sharper corners can be made on the 
part with less pressure. Fractures due to severe 
forming are often eliminated. Metals formerly 
not considered for room-temperature forming, 
such as 52100 and other high-alloy and high- 
carbon grades, can be warm headed. Production 
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of some of the more difficult alloys can be done 
on faster machines and die life is improved. In 
one instance in producing a small part from 1006 
by warm heading at 240° F. using resistance heat- 
ing, tool life was increased from 4500 pieces to 
over 50,000 pieces per tool change.* 


Electrical Steel 


One of the new developments in carbon elec- 
trical steels stems from the growth of the basic 
oxygen process which gives steel with lower con- 
tent of nonmetallics, sulphur and_ nitrogen. 
Lower-cost carbon steels are now available to 
replace certain of the silicon-bearing grades 
which have electrical and magnetic properties 
suitable for use in fractional horsepower motors. 


Finishes 


Automobile corrosion has become more serious 
in recent years with greater use of highly cor- 
rosive salts on roads for ice and snow removal. 
One answer to the problem is to smooth out 
bumpers and sheet metal panels, thus reducing 
the number of pockets. Smoother designs in- 
crease the uniformity of the electroplated coat- 
ings. But auto makers are also looking into new 
types of surface protection such as zinc chromate 
primers applied before or after forming, different 
zinc coatings (heavy on the exposed side but 
lighter on the other to maintain weldability at 
high production rates). Aluminized wire and 
sheet and stainless clad bumpers (see picture on 
p. 1382) have had limited but growing use. 

Users of galvanized sheet have come up with 
some new applications (clothes dryer baskets, 
automobile mufflers) based on corrosion resis- 
tance of the sheet and its formability. Formation 
of the brittle Fe-Zn alloy between the zinc and 
steel is inhibited during coating thus permitting 
severe drawing without flaking. In some in- 
stances the galvanized sheet has been formed by 
spinning. 

Applications of vinyl-coated steel (Metal 
Progress, March 1959, p. 126) increased during 
the past year. This product is made by bonding 
a plastic, as a liquid or as cured sheet, to cold 
rolled or galvanized steel sheet. The plastic can 
be embossed with numerous designs. Sheet can 
be formed by the same methods as ordinary cold 
rolled sheet without damaging the bond or the 
surface texture except in extreme drawing when 
some “wiping” of the plastic coating may occur at 
sharp turns. Se 


*Information supplied by Herbert E. Peterman, 
Herscott Corp., Rockford, Ill. 
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Tue JOINT COMMITTEE ON ATOMIC ENERGY 
of the U.S. Congress has issued a summary of its 
public hearings on the above topic in 1957, and 
again early in May 1959. A group of 12 scientists 
planned the second hearing and some 30 experts 
testified. In addition, a panel of 22 scientists 
appraised the predictions made in 1957 in the 
light of information gained since then. 

The three wartime explosions at Alamagordo, 
Nagasaki and Hiroshima were relatively small — 
each about 20,000 tons TNT equivalent or a total 
of 60 kilotons. Since then tests have been made 
as follows: 


TIME U.S. anp U.K. U.S.S.R. 
1945-1951 700 60 
1952-1954 37,000 500 
1955-1956 9,200 4,000 
1957-1958 19,000 21,000 


This gives a total of 91,460 kilotons “fission yield 
equivalent”, released to date. About 21,500 kilo- 
tons was in ground surface bursts in which about 
80% of the debris is deposited nearby, 32,500 in 
water surface bursts in which about 50% of the 
debris falls back into the ocean near the site, and 
37,500 in air bursts. That portion of the impal- 
pable dust which becomes air-borne will even- 
tually be washed down by rain, and if a heavy 
rain coincides with the passage of a loaded air 
mass, localized “hot spots” will cover a county, 
a milkshed or even a state, where concentrations 
of radioactive elements two to three times that 
in adjacent areas may be found. In any event 
the time the debris is air-borne is too short for 
any appreciable amount of radioactive decay, 
except perhaps for I'* and Ba'*® of short half- 
life. It is now believed that the “mean resi- 
dence time” of that portion of the debris which 
rises into the stratosphere is one to five years 
(rather than the five to ten years estimated in the 
1957 hearings, and with correspondingly less of 
the total radiation occurring up there where it is 
biologically harmless). In any event the long- 
lived Sr*’ and Cs'** get down to earth about as 
radioactive as when they were originally formed. 

In the earlier hearings most emphasis was put 
on these isotopes of strontium and cesium. Now 
the associated short-lived isotopes are thought, 
under certain circumstances, to be equally sus- 
pect.* Likewise radioactive carbon — formed 
naturally by collisions between cosmic rays and 
atmospheric nitrogen, and in bomb bursts by 


kallout Krom Nucleas W eapons Tests 


neutron bombardment of nitrogen — is thought 
to be significant. The half-lives, and the 10 half- 
lives which allow 99.9% of the radioactivity to 
decay, are given in the following table. 


IsoTOPE Havr-Lire 10 Hacr-Lives 
[131 8.05 days 80.5 days 
Ba! 12.8 days 4.3 months 
Sr5? 51 days 17 months 
63.3 days 21 months 
Cs!44 290 days 8 years 
Sr9° 28 years 280 years 
Cs187 30 years 300 years 
cr 5600 years 56,000 years 


Another important finding is that fallout is not 
uniformly distributed over the earth or even in 
the stratosphere. The Northern Hemisphere has 
received more than twice as much Sr®® as the 
Southern, and a high concentration between the 
40 and 50° latitudes exists in both, with a much 
lower value at the equator. About one third of 
the debris has already reached the ground; two 
thirds is still in suspension. The Russian tests, 
conducted as they are in the higher latitudes, 
project radioactive dust into air currents which 
remain in the north latitudes, and this debris will 
be deposited almost entirely in the Northern 
Hemisphere after a mean residence time of about 
one year. “It is clear that the problem of world- 
wide fallout is dominated by atmospheric detona- 
tions of large-yield devices.” 

What does this mean to human beings? The 
race has evolved in such a way as to endure from 
birth to death a very considerable amount of 
radiation — “background” radiation due to cos- 
mic rays, to C' in the atmosphere, and from 
radioactive elements (principally uranium in 
granitic mountain masses). This natural back- 
ground radiation varies considerably with geo- 
graphic location and altitude, but is estimated 
at about 100 milli-roentgens per year for the bulk 


*For example, more of the short-lived isotope 
Sr*® is produced in a fission reaction than the long- 
lived isotope Sr*°. It is possible that a local rain 
storm could wash these to the ground and foodstuffs 
be contaminated promptly. Since they are similar 
chemically, ingestion of such contaminated food may 
cause a higher radiation exposure for a short time 
from the Sr*® than that from the Sr®® for a long 
time. Such effects would be strictly local and have 
little significance as to world-wide fallout, which 
latter has meaning only in terms of the population 
as a whole and over a long period of time — dozens 
of generations. 
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of the persons now living — or a total of 7 to 10 
roentgens in a lifetime. Extra radiation may 
cause somatic or genetic effects. 

Somatic effects are those which affect the 
individual only and are not passed on to progeny. 
Representative examples are disease caused by 
preferential absorption of iodine in the thyroid, 
and leukemia or cancer due to absorption of 
strontium and cesium in the bones. Intense or 
prolonged exposure to X-rays is also damaging 
to the individual. While everyone believes that 
large doses are harmful, no one can clearly mark 
the threshold below which there is no increase in 
disease — or even if there is such a threshold. 
Leukemia and cancer were human scourges be- 
fore any nuclear weapons were fired, and no one 
knows whether the 7 to 10 roentgens of radiation 
each adult experiences from natural causes or 
whether any one or more of a hundred other 
environmental conditions is responsible. Defin- 
itive studies of exceedingly large _ statistical 
samples of human population would be needed to 
give an answer. Experiments on laboratory ani- 
mals indicate that low dosages or low rates are 
less effective than higher ones, and this points 
up one difficulty in relating the effects of labora- 
tory testing to expected action on human beings.* 
The range of exposure of about 300,000 experi- 
mental animals was from 90 roentgens per min. 
to 90 roentgens per week; the lowest of these 
is about 50,000 times the natural rate of 7 to 10 
roentgens in a lifetime. English studies indicate 
that children who received whole body radiation 
of 1 to 10 roentgens before birth while the mother 
was receiving abdominal X-rays have about twice 
the incidence of cancer and leukemia as do chil- 
dren whose mothers were not X-rayed during 
pregnancy. But again no studies have yet been 
reported where any significant number of hu- 
mans have been exposed to radiation slightly over 
the natural background. (Fallout to date has 
the effect of increasing the world-wide natural 
background by about 4%.) 

Genetic effects are changes in the genes, which 
are made up of extraordinarily complex organic 


*The difficulty of relating laboratory experiments 
on animals to expected effects on humans is pointed 
up by the following quotation from a recent issue 
of “The New Yorker’: 

“Tea is the latest atomic-age drink. In Japan, 
mice that were: fed tannic acid stored 30% less 
strontium in their bones than mice not given the 
acid. Tea contains tannic acid, as Japanese mer- 
chants were quick to point out. Whether a human 
bone acts like a mouse bone nobody knows for sure, 
not even a mouse.” 


molecules containing carbon atoms. X-rays and 
gamma radiation from ingested radioactive par- 
ticles may permanently alter these; decay into 
nitrogen of an atom of radioactive carbon C'™ 
in a molecule obviously changes or destroys that 
portion of the gene. “The genetic injury from 
both weapon-produced carbon-14 and fission 
products [or natural background] occurs at the 
moment the genetic molecule is affected. The 
actual effect does not appear until this particular 
gene is found in either the sperm or ovum at the 
time of fertilization. This event may occur sev- 
eral generations after the initial injury. While 
most of the injury due to radioactive fission prod- 
ucts will be initiated within the first 30 years of 
a man’s or a woman’s life, injuries from C'* may 
be introduced over thousands of years” — that is 
to say, whenever an unstable C'* atom in a gene 
takes it upon itself to disintegrate. It will do no 
good to go to “clean” bombs, since about the 
same number of neutrons (and C' generated 
thereby from atmospheric nitrogen) are produced 
in a fusion bomb as in a fission bomb of equal 
TNT equivalent. 

The relative amount of radiation to which the 
inhabitants of the earth are subjected during the 
first 30 years of life is approximately 3000 milli- 
roentgens from natural radiation background, of 
which 45 milli-roentgens are from C'* existing 
naturally. To this is now to be added 50 milli- 
roentgens from existing fallout other than C'. 
The total weapon-produced C'* is already suffi- 
ciently large so that its eventual genetic effect 
during the next 10,000 years will be from two 
to four times that of the fission products already 
existing. 

In past discussions most of the genetic damage 
was considered to be due to the long-lived Sr*” 
carried down by rain. Almost 99% of it is re- 
tained by the soil and plants; only 1% gets into 
the water supply. Apparently some of it can be 
taken up directly by plants without going through 
soil. The plants are able to discriminate between 
strontium and its chemical cousin calcium to a 
certain degree, but the concentrations of Sr®” and 
Cs'** in milk and other foods is increasing more 
rapidly than would be expected from known 
values of fallout. Strontium, like calcium, finds 
its way into human bones and its radiation im- 
pairs the normal functioning of bone marrow — 
intimately concerned with production of red 
blood corpuscles. The present concentration of 
Sr®*® in the bones of Americans averages 0.004 
microcurie per gram of Ca, and this will rise by 

(Continued on p. 256) 


OCTOBER 1959 


145 


Overcoming 
the 
Producibility 
Barrier... by Better Use of Atmospheres 
in Heat Treating and Metal Processing 
/—Trends in Atmospheres 
In ropay's ispustmiaL wortp, metals engi- —_ recent upsurge in the use of oxygen in steel refin- 
neers can solve many production problems by ing has apparently added a much cheaper source 
using the proper atmosphere. If bright annealing of supply for nitrogen. More of this later. 
is needed, as with copper and stainless steel, an | Vacuum is also classed as a protective atmos- 
atmosphere can protect surfaces from oxidation. _ phere today. 
If forging billets are to be scale-free, a protective As for case hardening atmospheres, gas car- 
atmosphere in the heating furnace will do the _ burizing, carbo-nitriding, and nitriding are famil- 
job. If a hard surface is wanted, atmospheres iar processes. A part can be carburized in an 
that can carburize, carbo-nitride, or nitride are enriched endothermic or exothermic atmosphere. 
easily produced. In short, where surface treat- | High-purity ammonia helps provide atmospheres 
ment or protection is important, atmospheres are —_ for carbo-nitriding and nitriding. 
useful. In this article, we will show that they . 
are becoming more use 
Because of the constantly changing industrial What are some of the new developments help- 
climate, it behooves metals engineers to become __ ing to solve problems with atmospheres? Vari- 
acquainted with all that is new about atmos- ous answers come from experts in the field. For 
pheres and their control. While new metals are instance, N. K. Koebel, Lindberg Engineering 
being devised, familiar metals are being im- Co., says, “The only new approach to gas purifica- 
proved, and all metals are being asked to meet _ tion in the last ten years has been the application 
stiffer specifications. More is being demanded of ‘Molecular Sieves’. . .”. What is a molecular 
of metals in every application. Knowledge of the sieve? It is an artificial zeolite* (a mineral used 
latest developments in the atmosphere field will for softening water) which, to purify nitrogen or 
help all metals engineers who are engaged in the — hydrogen atmospheres, strains larger contami- 
constant battle to produce a better product at nating molecules from them. Lindberg uses this 
a lower cost. product (which is made and sold by Linde Co.) in 
dioxide, water vapor, sulphur dioxide, hydrogen 
The familiar — dissociated *Zeolites act through ion exchange mechanisms. 
monia, exothermic, and endothermic — are listed the of the 
in Table I, along with analyses and comparative pound is gradually replaced with the Ca* radical in 
costs. To these we can add nitrogen and the the water salts. Molecular sieves are formed by heat- 
inert gases (chiefly, argon) which may be ob- ing crystalline sodium and calcium alumino-silicates 
tained from the distillation of air. Along with ceive of — of hydration. When this water is 
gone, the crystal does not collapse. The physical 
dry hydrogen (used for special applications), this Structure remains stable, and a network of uniformly 
latter group has been considerably more expen- _ sized pores appears. These openings act as screens, 
sive than those listed in the table, though the trapping any molecules too large to go through them. 
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Table I — Typical Protective Atmospheres* 


| T 
| RATIO OF | 


| 


AIR TO ComPosiTIon Cc PER 
Type | NATURAL 
| Gas | CO | H: | | Cu. Fr.t 
Dissociated ammonia, untreated t | — 0.0 | 75.0 | 0.0 | 25.0 | —40 to —60° F. | $1.05 or $3.95 
Exothermic gas, unpurified | 
Rich 6:1 5.0 | 10.0 | 15.0 | 1.0 | 69.0 Saturated | 0.10 
Lean 10.25:1 11.5 | : 0.7 | 0.0 | 87.1 Saturated | 0.08 
Exothermic gas, purified | | | 
Rich 6:1 | 0.0 | 10.5 | 15.5 | 1.0 | 73.0 —40 0.15 
Lean 10.25:1 | 0.0 0.7 | 0.0 | 98.6 —40 0.13 
Endothermic gas | 
Dry 2.4:1 0.0 | 20.0 | 38.0 0.5 | 41.5 —10 0.19 
Wet 3.5:1 2.0 | 17.0 28.0 0. 0} 53.0 | Saturated | 0.17 


*Source: A. R. Ryan, Industrial Heating Dept., General Electric Co. 
tCosts include only materials consumed, such as power, gas and water. They do not include factors for obso- 
lescence, installation, maintenance, labor. The estimates have been based on the following unit costs: 


Power — 1¢ per kw-hr. 

Natural gas — 50¢ per 1000 cu.ft. 
Water — 5¢ per 1000 gal. 

Ammonia, tank car lots — 4¢ per lb. 
Ammonia, cylinder lots — 17¢ per lb. 
Carbon dioxide, dry ice — 4¢ per Ib. 
Carbon dioxide, liquid — 8¢ per Ib. 
tEndothermic reaction. 


sulphide, and traces of nitrogen oxides. This 
gives extremely pure nitrogen. So that the unit 
can be operated continuously, there are three 
towers. As Fig. 1 shows, air and gas are burned, 
and pass into the absorption tower where im- 
purities are removed. Meanwhile, another tower 
is being heated to reactivate the sieve while the 
third tower is cooling. Each tower absorbs im- 
purities in turn. Once the generator is started, 
operation is automatically controlled by a timer 
and electrically operated valves. Units are now 
operating successfully at Glidden Co., Pratt and 
Whitney Aircraft Div., and Chevrolet's Alumi- 
num Foundry. The latter company blankets 
molten aluminum baths with nitrogen to prevent 
oxidation. 

Other companies are also using molecular 
sieves to dry gas for certain heat treating oper- 
ations. For example, stainless steels, particularly 
those alloys containing titanium and aluminum, 
require extremely dry hydrogen (dew point, —80 
to —100° F.) for bright brazing and heat treat- 
ment. A unit for this purpose is now operating 
at Solar Aircraft Co. Installed by Pacific Scien- 
tific Co., the equipment is in continuous oper- 
ation and is fully automatic with built-in fail- 
safe features. Other units using molecular sieves 
have been installed by Harper Electric Furnace 
Co. One, located at Fabriform Metal Products, 
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Inc., Los Angeles, is reported to operate as high 
as 2500° F. Dew points go down to —90° F., gas 
consumption is low, and the operation is eco- 
nomical, C. I. Hayes, Inc., is another furnace 
company that uses molecular sieves for removing 
impurities from atmospheres. 

One point to remember in connection with 
molecular sieves is that they require reactivation 
temperatures up to 600° F. Since drying units 
must be designed with this in mind, molecular 
sieves cannot replace activated alumina now 
being used in most standard equipment. Alu- 
mina is generally reactivated at 400° F. max.; 
molecular sieves with this degree of reactivation 
dry no better than alumina. 


Vacuum as an Atmosphere 


Many heat treaters class “vacuum” as a pro- 
tective atmosphere because, obviously, any mate- 
rial treated in a vacuum cannot be contaminated 
by a gas, any gas. Furthermore, the cost for 
pumps which will do an efficient job of evacua- 
tion may be considerably less than the cost of a 
protective atmosphere. Other advantages of 
vacuum include the outgassing which occurs 
(this can improve physical properties particularly 
in thin strip), and the complete elimination of the 
explosion hazard. 

There are disadvantages, of course. Heat 
transfer by convection is impossible; thus, 
vacuum is useful only where rapid cooling (as 
in quenching) is not needed. One way to get 
around this drawback is to force-circulate pro- 
tective atmospheres for rapid cooling. 

Some companies are purging furnaces with 
vacuum pumps. One such unit, a West Coast 
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installation, provides dry hydrogen for brazing. 
Prior to admitting the gas, the retorts are ex- 
hausted by a vacuum pump. Reducing, or 
inert, gas is admitted to the retort after an 
extremely short purging cycle. The retort is 
pumped out again and refilled; in this manner, 
rapid cyclic purging is accomplished. Extremely 
low dew points are obtainable in a few seconds, 
according to the manufacturers. 

Vacuum “atmospheres” are being considered 
quite extensively to bright anneal stainless steel 
strip, a material very sensitive to most gases. As 
reported in Metal Progress, July 1959, p. 111, 
Electric Furnace Co. has been operating such a 
furnace experimentally for two years, and has 
interested several steel producers in the installa- 
tion. According to them, installation costs are 
higher than those for conventional furnaces, but 
operating costs are considerably lower. 
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Fig. 1 — Diagram Showing Flow of Gas Through 
Hyni Generator. Each tower contains “Molecular 
Sieves” which absorb water vapor, carbon dioxide, 
and other impurities; this produces an extremely dry, 
pure nitrogen. Through automatic control, each 
tower removes impurities in turn while the other 
two are being prepared. This insures continuous 
operation. (Courtesy Lindberg Engineering Co.) 


Normally, one would think that heating by 
induction is much too rapid an operation to need 
a protective atmosphere. This is still true for 
the average induction heating application, but 
some processes seem to demand an atmosphere. 
One of these is fluxless brazing. A unit used in 
assembling Klystron tubes is shown in Fig. 2. 
Built by Lepel High Frequency Laboratories for 
Sperry Gyroscope Co., these bell jars enclose 
Klystrons which are partially assembled. Joints 
between heavy sections have already been fur- 
nace brazed; the joints remaining to be closed are 
critical, and require that heat be localized. For 
these joints, silver preforms are positioned dur- 
ing assembly. These preforms are melted by 
induction heating in hydrogen (or hydrogen plus 
nitrogen) atmosphere. Since the reducing atmos- 
phere removes oxides from the work during heat- 
ing, a flux is not needed. Cracked ammonia from 
a central dissociator is used as an atmosphere. 

Atmospheres are used on other induction heat- 
ing applications. In the article “Improvements 
in Induction Heating” (Metal Progress, Febru- 
ary 1959, p. 66), an installation for butt welding 
tubes is described. A small box is split so that 
it can enclose the weld zone. Atmospheres are 
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Fig. 2— These Bell Jars 
Enclose Klystron Tubes 
Which Are to Be Brazed 
in Hydrogen. After tubes 
are enveloped in the gas, 
joints are induction 
heated to melt the braz- 
ing alloy. No flux 

needed because hydrogen 
reduces the oxides.(Cour- 
tesy Lepel High Fre- 
quency Laboratories, Inc.) 


circulated through the closed box when scale is 
expected to affect the weld. This article also 
mentioned the use of atmospheres in copper- 
brazing aircraft parts. Controlled atmospheres 
have been successfully applied to an induction 
heating machine in an automobile manufacturer's 
forge plant. To prevent scale formation, forging 
blanks are heated in an exothermic atmosphere. 


Other Developments 


The use of by-product nitrogen looms big in 
the field of controlled atmospheres. In 1958, the 
steel industry used 28.8 billion cu.ft. of oxy . 
Since air, from which this oxygen is distilled, 
about 80% nitrogen and inert gases, about 115 
billion cu.ft. of neutral gas is available for an 
atmosphere. At the present time, most of this is 
going to waste because the nitrogen is contami- 
nated with about 10% oxygen. Thus, the prob- 
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lem is to remove the oxygen. Fortunately, hydro- 
gen does the job efficiently. 

According to O. E. 
Corp., 


Cullen, Surface Combustion 
when hydrogen is added to byproduct 
nitrogen and the mixture heated to combustible 
temperature (or passed over conversion catalyst 
at relatively low temperatures ), the hydrogen and 
oxygen form water vapor. This may be removed 
by condensation in a cooling system or by ad- 
sorption in a desiccant to any desired deg ‘gree of 
dryness. Any hydrogen unreacted with oxygen 
will remain in the nitrogen atmosphere to pro- 
vide reducing properties. 

One very common source of supply for hydro- 
gen is the dissociated ammonia generator which 
thermally and catalytically cracks anhydrous am- 
monia to a gas containing 75% H, and 25% Nz. 
Recently, a large steel company installed a series 
of such generators to purify by product nitrogen. 
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Other sources for hydrogen are electrolytic hy- 
drogen cell banks and hydrogen gas generators. 
The latter crack hydrocarbon gases to produce 
hydrogen with carbon and oxygen-bearing con- 
stituents. The impurities are removed by special 
processing. The hydrogen generator is expected 
ultimately to provide the most economical 
method for purifying byproduct nitrogen. 

Some generator builders are doing interesting 
things to exothermic generators so that they can 
supply a gas with a range of dew points. As 
E. C, Buckingham, Pacific Scientific Co., de- 
scribes it, “As you know, when operating a nitro- 
gen generator at about 7 to 1 air-gas ratio, it is 
possible to obtain as much as 20% combustibles 
in the effluent gases.” After passing through a 
refrigerant drier (where the dew point is reduced 
to 40° F.), this gas goes to a desiccant drier which 
lowers the dew point to -40 to -60° F. In the 
furnace, it is normally difficult to control the air- 
gas reactions of this high-combustible low-dew- 
point gas. Therefore, a bypass with a flow meter 
is run from the refrigerant drier past the desic- 
cant drier to the furnace. This enables moist 
(40° F.) gas. to be mixed with the dry gas, thus 
permitting a range of dew points between 40 and 
-40° F. in the furnace chamber. 

Many heat treaters are finding steam atmos- 
pheres quite useful, according to Leeds & North- 
rup engineers. Steam puts a thin film (less than 
(0.0001 in.) of Fe,O, on a steel surface. This hard 
and porous film will resist corrosion and retain 
cutting oils; both effects help prolong life of cut- 
ting tools. Steam also increases hardness and 
strength of powdered iron parts, adds corrosion 
resistance and seals microscopic porosity in gray 
iron castings, and produces a scale-free surface 
on nonferrous parts. 

Operation of a steam unit is fairly easy. The 


furnace is merely brought to 700° F. and held 
for 30 min. while being purged with steam. 
Then the load is treated at the specified time and 
temperature as steam flows through the furnace. 
Parts can be air cooled, water quenched, or oil 
quenched. Though specially designed for steam 
treatment up to 1250° F., the furnace can also be 
used with natural or inert atmosphere. 


Endothermic Atmospheres and Powder Metals 


Powdered iron compacts are much more diffi- 
cult to heat treat than solid parts because their 
porosity makes them much more susceptible to 
decarburization. Consequently, atmospheres are 
essential for sintering or subsequent heat treat- 
ment. Carbon is often controlled during the 
sintering operation by processing in endothermic 
atmospheres. Though control of these atmos- 
pheres is the same as in the heat treating field, 
sampling is more difficult because the furnace 
atmosphere is contaminated by carbon, zinc, or 
other impurities from lubricants and_ binders. 
Consequently, enough atmosphere must flow 
through the furnace chamber to keep the sinter- 
ing zone purged. 

Where low dew points are needed at high 
temperatures, materials for muffle construction 
are limited. To eliminate the need for a muffle, 
alumina bricks are now being used for furnace 
linings. Alumina is not reduced by hydrogen 
until dew points of -150 to -160° F. are reached 
at temperatures above 2500° F. Elimination of 
a metallic muffle permits operation at higher 
temperatures and greater heating rates. Mainte- 
nance and downtime are reduced. Ipsen Indus- 
tries, Inc., reports that it is readying a light and 
porous brick of alumina which will be usable up 
to 3400° F. The company expects to use it in 
furnaces for high-temperature carburizing. 


/1—What’s New in Atmosphere Controls 


The main item to note concerning atmosphere 
controls is that they continue to get more and 
more complex. Furnace control is becoming au- 
tomatic, both to minimize operator error (which 
can occur more easily with manual control) and 
to improve the product (by insuring a constant 
proper atmosphere). All builders of atmosphere 
generators strive to make their equipment simple 
to operate and accident-proof, but they admit 
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that possibilities for explosions always exist in 
equipment which generates or uses flammable 
gases. For this reason, practically all modern 
generators and furnaces include fail-safe auto- 
matic devices. A couple of typical examples will 
show what we mean. 

In an eastern plant which makes automotive 
parts, Harper Electric Furnace Corp. has in- 
stalled a furnace for brazing in dry hydrogen, a 


METAL PROGRESS 


at 
: 
| 
La 
| 


Fig. 3— Control Panel of 
Unit Supplying Atmos- 
pheres for Fluxless Braz- 
ing. The panel contains 
instruments calibrated for 
hydrogen and _ nitrogen, 
and an oxygen analyzer 
with a dual — Safety 
features permit brazing in 
hydrogen or argon; if 
neither operation is possi- 
ble, nitrogen is automat- 
ically introduced to allow 
fail-safe shutdown. (Cour- 
tesy Solar Aircraft Co.) 


particularly dangerous atmosphere. If the hy- 
drogen pressure or power supply fails, a solenoid 
shutoff valve automatically cuts off the hydrogen 
line, starts the nitrogen flow, and sounds a horn 
alarm. 

Elaborate safety equipment is also used in the 
Solar Aircraft installation mentioned before. The 
unit automatically records specific gravity of the 
gas in the retorts as they are being purged with 
nitrogen. When pure nitrogen is indicated by 
the meters, hydrogen can be introduced. At this 
time, the oxygen analyzer is operating. If any 
oxygen is indicated (this can show a leak), hydro- 
gen flow can be increased. In this manner, oxy- 
gen may be reduced to satisfactory limits. 

However, if leaks in the retort or supply lines 
are large enough to make this impossible, the 
oxygen analyzer warns of trouble by both horn 
and light. The operator can again try to com- 
pensate by raising hydrogen flow. If this doesn't 
work, argon is automatically introduced to purge 
the system. Thus, a safe atmosphere is main- 
tained, and brazing can continue. If the argon 
supply is exhausted, nitrogen is automatically 
bypassed through the system, and a fail-safe con- 
dition is produced. This system satisfies safety 
requirements, and also protects parts being proc- 
essed. As illustrated by Fig. 3, the setup consists 
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of a panel with Ranarex instruments calibrated 
for hydrogen and nitrogen, and an A. O. Beck- 
man oxygen analyzer. 

Another trend in controls that is appearing 
concerns continuous gas analysis. In many areas 
of the country, natural gas supplied by local fuel 
companies varies in chemical analysis, particu- 
larly during the winter months and off-peak 
hours. Why? This gas comes from many fields 
throughout North America. From time to time, 
these various fields will be cut in or out of the 
main distribution system. The cold of winter 
increases the demand, and the natural gas must 
sometimes be supplemented with propane or 
other manufactured gas. Since gas companies 
prefer to maintain consistent Btu. values, analyses 
often suffer. The table shows how analysis varied 
on different days in one large Midwestern city: 


Gas No, 1 Gas No. 2 

co, 0.8% 0.5% 
on 0.6 0.9 
CH, 78.7 85.9 
11.6 4.2 
0.0 1.7 
CR. 0.0 0.3 

«Hy. 0.0 0.1 
No 8.3 6.4 
Specific gravity 0.636 0.655 


Though both gases are equal in heat content 
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(1004 Btu.), such a variation in analysis could 
cause an appreciable change in generator gas 
output. The gas cracking process is chemical in 
nature; if the raw gas analysis changes without 
proper compensation of the air-gas ratio, the dew 
point will also change. Not only that, but the 
‘atalyst can become ruined if the generator is 
operating with too rich a mixture. Such an event 
can be quite costly and waste hours of produc- 
tion time. 

To avoid this, many plants apply continuous 
control to the output of their generators. De- 
vices can be installed to determine the dew point 
or analyze the output continuously. When the 
gas gets out of control, the information is fed 
back to the input. Valves controlling the air and 
gas inputs then go into action to alter the gas flow 
so that the correct atmosphere is again emitted. 
If the correct gas analysis is continually main- 
tained, losses from downtime and ruined product 
can often be held to a minimum. 


Various Types of Controls 


Control panels for atmosphere generators may 
include devices for measuring dew points, 
amounts of oxygen and combustibles, tempera- 
tures, pressures and other variables. Basically, 
all of these items have one purpose: to monitor 
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Fig. 4— Furnace for Accurate Control of Surface 
Carbon. Flow of “carburizing fluid” is increased 
or decreased in accordance with signals fed back 
from Carbohm unit. For good results, work must 
be thoroughly cleaned before being placed in the 
furnace chamber. (Courtesy Leeds & Northrup Co.) 


the atmosphere so that it is always able to do the 
job it is meant to do. These controls take many 
forms. For example, dew point alone can be 
measured in several ways. According to users, 
one dependable unit is Foxboro’s Dewcel, the 
operation of which is based on the hygroscopic 
properties of lithium chloride. Manufacturers 
other than Foxboro — Lindberg Engineering Co. 
and Surface Combustion Corp. are two examples 
—use the cell in their dew-point control instru- 
ments. 

Another type of dew-point controller is mar- 
keted by Surface Combustion Corp. The gas 
being tested is directed onto a metal mirror 
cooled by refrigeration. When it fogs, the tem- 
perature is measured by a thermocouple firmly 
attached to the mirror. Through proper cycling 
and electronic instrumentation, dew point is con- 
tinuously recorded or controlled. 

The Dewtronik, Ipsen Industries’ contribution 
to dew-point control, is a simple device. The at- 
mosphere to be sampled is continuously pumped 
over two platinum electrodes separated by a 
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small gap. When cooled to the dew-point tem- 
perature, moisture condenses between the elec- 
trodes. This reduces the electrical resistance 
between them, and energizes a heating element 
in the head. After the moisture is driven off (by 
the heat), the cycle is repeated. The information 
is fed to a potentiometer and then recorded as a 
temperature. 

For carbon control, the furnace temperature is 
also determined. It is combined electronically 
with the dew-point temperature for automatic 
computation in a special potentiometer calibrated 
in percent carbon. 

A new dew-point indicator is being developed 
by one of the country’s leading instrument 
makers. Based on the wet bulb principle, it is 
designed to measure dew points (between -20 
and 60° F.) of air and noncorrosive gases. Con- 
tinuous measurement is achieved by passing a 
continuous flow of gas through the device. The 
unit has a high-speed response, is compact, and 
has no moving parts. According to two genera- 
Hevi-Duty Electric Co. and 
Pacific Scientific Co., this has much promise. 

Most manufacturers of atmosphere generators 
use dew-point controls because they offer a con- 
venient and simple method for determining 
carbon potential. Another method, which is 
based on an entirely different principle, is the 
“Carbohm” offered by Leeds & Northrup Co. 
The heart of this device, which is actually part of 
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a complete furnace setup, as Fig. 4 shows, is an 
iron-nickel wire that responds to the carbon po- 
tential as the steel is being treated. Being fine, 
the wire rapidly reaches equilibrium with active 
carbon in the atmosphere. As the carbon content 
in the wire varies, its electrical resistance changes. 
This change is measured on a Wheatstone bridge, 
and carbon percentage is read directly on the in- 
strument scale. The “Carbohm” controls the 
addition of a liquid hydrocarbon which is decom- 
posed by the furnace heat to supply the carburiz- 
ing atmosphere. 

Another device for continuous gas analysis is 
the infrared analyzer marketed by Lee ds & 
Northrup. The method of measurement, though 
unique, is simple. To be brief, different gas com- 
pounds in a mixture absorb radiation from dif- 
ferent parts of the infrared spectrum. When 
infrared radiation is passed through the sample 
to be measured, and, at the same time, through a 
known reference gas, the difference in radiated 
energy between the two is detected by a thermo- 
pile. These changes are fed to a recorder or 
controller which is calibrated in percent of the 
gas component being measured (it can be CO or 
CH,, for example). Calibration is easily done in 
about 3 min. by using a gas with a known concen- 
tration of the constituent being measured. 

Space is too limited to include descriptions and 
discussions of all the control equipment that is 
available. Let it be said only that there are prob- 
ably devices already in existence that will fill any 
need. Where gaps are present, the imagination 
of the instrument maker will surely close them 
in a short time. 
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Genenatty, THE PURPOSE of a protective 
atmosphere is to prevent, to minimize, or to 
control surface changes of work being heat 
treated. While the basic premise is simple, the 
many types of atmospheres available complicate 
the problem of selecting the right atmosphere 
for a specific application. Engineers must con- 
sider, among other items, such factors as type of 
gas, cost and type of heat treatment, and material 
being treated. Characteristics of common atmos- 
pheres and some of the rules for their selection 
are given in this article. 

The most common protective atmospheres are 
obtained from the products of combustion of 
hydrocarbon fuel gases. Exothermic gas is ob- 
tained over the range of air-to-gas ratios that 
will support combustion. The reference “lean” 
(or “rich”) pertains to the combustible content 
which consists primarily of hydrogen and carbon 
monoxide. Complete combustion, which needs 
about a 10 to 1 air-to-natural gas ratio, produces 
the leanest (inert) gas. Conversely, the richest 
(most reducing) gas is obtained at 6 to 1 air-to-gas 
ratio. At the latter ratio there is about 1% 
methane which drops to zero when the ratio rises 
to between 61%4 and 7. Both rich and lean exo- 
thermic gases are saturated at about 10° F. above 
cooling water temperature. 

Both carbon dioxide and water vapor can be 
removed from exothermic gas, leaving only hydro- 
gen, carbon monoxide and nitrogen; this gas is 
called “purified exothermic gas”. If carbon mon- 
oxide is also removed, the gas is called “CO-free 
purified exothermic gas”. 

In the endothermic gas range, the air-to-gas 
ratio is too rich to support combustion and the 
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reaction takes place in an externally heated re- 
tort. The terms “wet” and “dry” refer to the mois- 
ture content of the endothermic gas as it leaves 
the gas producer. Within practical operating 
ranges the moisture content can be varied by 
“air-gas’ ratio adjustment without the use of 
auxiliary drying equipment. 

Table I (p. 147) summarizes the composition, 
dew point, and cost of the various types of atmos- 
phere gases. Information of this sort is useful 
when considering applications for protective 
atmospheres because the composition of the 
various gases indicates the degree of reactions 
that are available. 

Pure hydrogen is the most reducing of all 
gases, but its high cost limits its use to those 
applications where no other gas is satisfactory. 
A mixture of 75% Hy» and 25% No, obtained by 
dissociating ammonia, is often a good substitute 
for hydrogen and is much lower in cost. 

Rich exothermic gas is the cheapest gas that 
can be obtained, and is normally used for most 
heat treatments of low-carbon steels. Even 
though this gas may be saturated with water at 
95° F. and contains about 5% carbon dioxide, 
there is enough hydrogen and carbon monoxide 
for the gas to be reducing. At lean ratios, this 
gas is oxidizing to ferrous metals but is satisfac- 
tory for use with nonferrous metals. 

Purified exothermic gas at the rich ratio has 
about the same carbon monoxide and hydrogen 
content as does rich exothermic gas. However, 
the carbon dioxide and water vapor have been 
removed. This gas is generally used for medium 
and high-carbon steels where it is necessary to 
prevent decarburization. When the gas genera- 
tor is operated at a lean ratio (about 9.25 to 1 
air-to-gas ratio), the carbon monoxide and hydro- 


Table II — Typical Atmosphere Applications 


STE ME M A} N STE 
| Copper AND BrRAss Low-CaRBON | Hicu-C STEEI 
| BRAZE | STEEL ANNEAL | BraAzeE | SINTER ANNEAL | HARDEN | BrAZE | SINTER 
Dissociated ammonia | X* xX x 
Exothermic gas X X Xx xX Xx 
Purified exothermic xX xX X X X 
gas (with CO) ; 
Purified exothermic xX xX | xX Xx 
gas (CO-free) 
Endothermic gas | | xX X xX xX 


* Braze, harden and sinter. 
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gen are decreased; however, the gas is still dry 
and free from carbon dioxide. Because of the 
low combustible content, this gas is nonexplosive. 
If carbon monoxide is removed, the combustible 
content remains unchanged because the carbon 
monoxide is replaced with a like amount of 
hydrogen. 

When the generator is operated at lean ratio, 
purified exothermic gas often substitutes for 
bottled nitrogen. In fact, this gas has an advan- 
tage as a furnace atmosphere over bottled nitro- 
gen because it is produced with a slight amount 
of carbon monoxide and hydrogen which will 
counteract oxygen infiltration. Bottled nitrogen 
has no combustible content, and the oxygen must 
be eliminated or counteracted by diffusion and 
increased rates of flow. 

Endothermic gas, operated on 2.4 to 1 air-to- 
gas ratio, has considerably higher hydrogen and 
carbon monoxide than can be obtained with the 
other types of gases. The dew-point range may 
be as low as 0° F. at the generator. When con- 
sidering heat treatments of medium and high- 
carbon steel, such endothermic gas is inter- 
changeable with purified rich exothermic gas. 

Table II gives applications for various protec- 
tive atmospheres. Dissociated ammonia is used 
mainly when stainless steels are to be brazed, 
hardened, or sintered. Though it can be used 
for low-carbon steels, it is generally not used for 
medium and high-carbon steels. This is because 
dissociated ammonia has no carbon potential to 
offset the decarburizing effects of water vapor 
which is present in most furnace atmospheres. 

Dissociated ammonia is not recommended 
where nitriding by molecular nitrogen is unde- 
sirable. Thus, dissociated ammonia is not rec- 
ommended for sintering stainless steel powders 
containing small amounts of titanium or colum- 
bium, or for sintering molybdenum powder. 

Exothennic gas is widely used for nonferrous 
metals, particularly copper and brass, for anneal- 
ing, brazing, and sintering. It is also used for 
low-carbon steels. Bronze, silver, and iron are 
also sintered in exothermic gas. One precaution: 
Sulphur, if present, must be removed from exo- 
thermic gas used for nonferrous parts. 

Purified exothermic gas is generally used for 
medium and high-carbon steels because of its 
high carbon potential. This gas, when at a lean 
ratio, is also used for annealing of copper and 
brass. Purified exothermic gas, considered to be 
mildly reactive and quite stable, is used when 
sintering iron and ir .-graphite parts. Some 
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users sinter both iron and iron-graphite parts in 
the same gas without noticeable carburizing or 
decarburizing. Users consider this gas to be 
neutral, and no attempt is made to change the 
atmosphere other than to keep it dry and free 
from carbon dioxide. Purified exothermic gas, 
which contains no carbon monoxide ar carbon 
dioxide, is used for heat treatments of low-carbon 
steel, particularly for annealing steel strip before 
galvanizing or tin plating. 

Dry endothermic gas, which is highly reactive, 
is normally used for treating medium and high- 
carbon steels. Generally, the air-to-gas ratio is 
adjusted for a particular dew point to match the 
carbon content of the work being heat treated. 

Wet endothermic gas is satisfactory for low- 
carbon steels. However, our experience has 
been that the endothermic gas producer is 
normally used with medium and high-carbon 
steels, and is rarely operated in the wet range. 
Obviously, if you were heat treating only low- 
carbon steel, you would consider rich exothermic 
gas in preference to the wet endothermic gas. 
Not only is the atmosphere itself cheaper, but 
the gas-producing equipment for the exothermic 
gas costs less than that required for endothermic. 


General Considerations 


Table II shows that there is no all-purpose 
protective atmosphere — that is, no one atmos- 
phere that will be suitable for all heat treat- 
ments. When considering an individual applica- 
tion, it is generally fairly easy to obtain the par- 
ticular type of atmosphere that will give the 
desired results. For example, if you heat only 
low-carbon steel, a rich exothermic atmosphere 
is all that is necessary. This is not only the cheap- 
est gas available, but it also requires the cheap- 
est gas producer equipment. 

On the other hand, if you are considering an 
atmosphere for heat treatment of medium and 
high-carbon steel, then there are two types to be 
considered — purified exothermic and endother- 
mic. Even though purified exothermic gas is 
about 20% cheaper than endothermic (when con- 
sidering only the materials consumed), there are 
other factors that must be taken into account. 

The initial cost difference between two types 
of gas producers will vary at different output 
ratings. For instance, if the requirements are 
for an output under 6000 cu.ft. per hr., the endo- 
thermic gas installation may be cheaper. Con- 
versely, for greater outputs, the purified exo- 
thermic gas installation will cost less. This is be- 
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Topay's AND TOMORROW'S intercontinental 
missiles present a difficult heat treating problem. 
Every pound of steel that can be eliminated 
from the motor case means an additional pound 
of fuel. Because of this, the wall thickness of the 
long-range missile is now about 0.085 to 0.125 in. 
and is approaching 0.065 in. Furthermore, as 
walls get thinner, diameters and lengths grow. 
Thinner walls, larger sizes, and more stringent 
specifications all combine to make the heat treat- 
ment of missile cases a tough problem. 

To meet these stiffer standards, the engineer 
has turned to alloy steels and reduced the de- 
sign factor of safety far below the percentage 
factor normally used. This means the heat 
treatment of the steel from the point of view 
of decarburization, carburization, autenitizing 
temperature, speed of quench, and tempering 
must be perfect. The furnace atmosphere must 
be controlled to eliminate total decarburization 
and hold partial decarburization to under 0.003 
in. Equally important, partial carburization must 
be held under 0.003 in. 


The Case Holds Much Air 


How can the furnace engineer meet such speci- 
fications? Let’s take a look at the Minuteman — 
one of the country’s newest missiles — and see 
what problems it presents. It is about 6 ft. in 
diameter and about 22 ft. long. While one end 

*Manager, Heat Treating Furnace Div., 


Lindberg 
Engineering Co., Chicago. 


A tmospheres in Missile Heat Treatment 


By N. K. KOEBEL* 


is fully opened, the other end is nosed down to 
about a 7-in. diameter area. 
tains some 500 cu.ft. of air. 
must be 
avoided. 


Thus, this case con- 
This large volume 
dealt with if contamination is to be 


What must be done to keep the atmosphere in 
perfect equilibrium with the steel? The first 
possible solution is to purge the furnace (after 
loading the missile motor case) to expel the 
contaminated atmosphere before the steel can 
reach a decarburizing temperature. With con- 
siderable past experience in designing large 
bottom-quench gantry furnaces, Lindberg engi- 
neers decided this would not be the solution. 
They felt that the infiltration problem was so 
great that it would not be practical to supply 
the quantity of atmosphere required to purge 
the furnace in the time required. Too large a 
generator and atmosphere storage would be 
required, and too much heat would be lost from 
the furnace. Also it would be difficult to intro- 
duce and vent off the large volume of gas which 
would be needed. 

The second possible solution was to use the 
normal flow of atmosphere. Natural gas added 
at the beginning of the cycle could remove the 
oxygen. This has been done on smaller furnaces. 
but again we felt that the infiltration factor was 


too great. If the reaction between gas and 


oxygen were not complete, decarburization could 
occur at one end of the furnace while carburiza- 
tion occurred at the other end. 


cause the purified exothermic gas producer lends 
itself readily for large-capacity outputs from a 
single combustion chamber. 

On the other hand, the endothermic gas pro- 
ducer has a limit as to the retort size with re spect 
both to the quality of gas produced and the 
cost of the retort. Consequently, installations 
for larger capacities of endothermic gas consist 
of multiple units whereas the purified exothermic 
installation can consist of only a larger single 


unit. Generally, the purified exothermic gas 


producer is desirable for installations that require 
several types of gas coming from the same gas 
producer. 


It is possible to bypass the purifying 
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equipment so that unpurified exothermic gas can 
be used. Also, the drying equipment can be by- 
passed, and the carbon potential controlled in- 
side the furnace by mixing wet and dry gas. 
Thus, the installation is quite versatile. 

Even though the equipment required for the 
purified exothermic gas producer may be more 
complex than that required for endothermic gas. 
a trained operator can run either gas producer 
with equal skill. In fact, the purified exothermic 
gas producer actually requires less attention than 
is needed for the endothermic gas producer. 
This is particularly true in areas where the 
analysis of the fuel gas is constantly changing. 
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The third possible solution was to eliminate 
infiltration by purging the air from the missile 
before putting it in the furnace. We considered 
this the only foolproof method available. 

Lindberg engineers designed a combination 
loading-purge and atmosphere quench chamber. 
The chamber was placed in the pit below the 
gantry furnace, and was complete with gastight 
doors. Water jackets and recirculating fans 
were used for the quench cycle. 

In operation, the missile is placed in the purge 
chamber and the gastight door is closed. Nitro- 
gen is introduced to purge the air from the 
missile body. After instruments show that the 
percentage of oxygen in the eflluent gas from the 
purge chamber approaches zero, the gantry 
furnace is moved over the purge chamber. A 
turtle-neck device seals the gantry furnace to 
the purge tank. Then, the doors on the purge 
tank and the heat treating furnace open, and the 
missile case is pulled up into the furnace. No 
air from the room enters the furnace chamber. 
When heating is complete, the case is quenched 
in an atmosphere. 

Nitrogen was chosen for the purge and quench 
because of its safety advantages. For the heat 
treatment, endothermic atmosphere was selected; 
past experience has proven it to be the most 
flexible to adjust and control for carbon potential. 

To obtain complete automatic control, both 
the endothermic generator and the furnace cham- 
ber are independently controlled. The generator 
control is set to give a dew point of about 15° F. 
lower than necessary for the steel to be treated. 
To achieve the exact dew point, the furnace is 
set to the dew point required for the steel at the 
temperature of treatment. The instrument adds 
a small amount of air to the endothermic genera- 


tor gas so as to react at furnace temperature to 
give the desired dew point. 

Installation of the described furnace in an 
associate organization (Lindberg Steel Treating 
Co.) gave us a wonderful opportunity to test the 
three control methods discussed above. A 
“dummy” missile case was used. Method No. 1 
using a large flow of endothermic atmosphere to 
purge the missile body after loading into the 
furnace, proved that decarburization could not 
be overcome by doubling the normal atmosphere 
flow. Furthermore, the increased flow of atmos- 
phere slowed heating of the missile cases, and 
the heating rate from zone to zone was not as 
uniform. (To control distortion, the missile must 
be heated evenly throughout its length.) 

Method No. 2, enriching normal atmosphere 
with natural gas to overcome the high dew point 
imposed by loading a missile full of air into the 
furnace, showed that carburization would occur 
on certain sections along the missile case, while 
decarburization occurred simultaneously on other 
sections. Though the dew-point control chart 
showed good recovery, nascent carbon from the 
gas evidently caused localized carburization. 

Method No. 3, purging all air from the missile 
with nitrogen before loading and quenching the 
missile without contact to air, gave perfect con- 
trol over both decarburization and carburization. 

This program illustrates the importance of 
over-all furnace design in achieving full control 
of a furnace atmosphere. A control instrument 
alone cannot do a control job if the entire process 
is not designed to be controlled. A point to 
remember: If a furnace cannot be controlled 
manually, it cannot be controlled automatically. 
Conversely, once manual control is achieved, 
automatic control requires little further work. 


The actual cost of atmosphere gas for most 
heat treating applications is relatively small 
compared to the total cost going into the fin- 
ished product. Also, the cost of gas-producing 
equipment is relatively low when compared 
to the cost of the other heat treating equipment 
that is required. 

The operation of gas producing equipment 
is comparatively trouble-free and simple. Raw 
materials for the most part consist of hydro- 
carbon fuel gases which are readily obtainable. 
Maximum control of an individual process is 
much easier when the atmosphere is obtained 
from a generator supplying only that process. 
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One of the basic reasons for the wide applica- 
tion for various heat treatments has been the 
ability to obtain atmospheres which can control 
metal surfaces during the process. Because of 
this, development of gas-producing equipment 
closely parallels the development of various types 
of furnaces. The best controlled atmosphere is 
useless unless it can be satisfactorily applied to 
the proper heat treating equipment. The suc- 
cessful heat treating process is dependent upon 
the use of proper equipment under the proper 
conditions with adequate maintenance and oper- 
ating practice so that the results can be readily 


duplicated. 
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“Unbreakable” Ships 
in a Hurry? 


ZuG, SWITZERLAND 

I have just read with great inter- 
est the Critical Point entitled as 
above in Metal Progress for April 
1959, and the following article in 
that issue on “Tough Ship Plate”, by 
Messrs. Harris and Williams. 

I wish to agree with your editorial 
attitude that one preventable ship- 
wreck is one too many. I believe it 
is also the attitude of those who are 
responsible for the security of welded 
ships and the lives of the sailors who 
have to live on them. This is the 
reason I turned my attention some 
years ago to the problem of tough 
versus brittle steels and developed 
the test which bears my name and 
which is much more widely used 
in Europe than in America. In fact 
by using it steels have been 
produced with completely crack- 
arresting ability and at least one 
ocean-going tanker, the Swedish- 
built Tank Emperor, made there- 
from (1950). 

In my opinion, the metallurgy of 
tomorrow will be based on physics 
and mathematics. It is time to 
abandon the purely empirical ap- 
proach. This will involve many 
new concepts and terms. Even 
though they seem strange at first, 
they do have real meaning. Deal- 
ing with the fundamental problems 
of residual stress, start of brittle frac- 
ture and speed of break without 
physics and mathematics is like deal- 
ing with infectuous diseases without 
knowing that there are microbes. 

Perhaps you will be interested in 
printing the basic formula govern- 
ing the brittle or plastic behavior of 
metals, for all kinds of stresses, all 
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straining speeds and practically all 
temperatures. A monograph deriv- 
ing this formula has recently been 
published by the undersigned at 
36 Hofstrasse, Zug, Switzerland. 

Henri M. Scunapt 

Engineer 
Oerlikon Machine Tool Works 


The formula follows: 


log = 


h w u 
a,{ 1 —-— — bw 
a, G Ju—10 


where II = plastifying power 
ooo = Standard endobrittleness 
a, = antithermic constant 


h = cotoxy of the metal 
w = velogtony 

G = endotachy 

u = anti-temperature 
b, = velogtonic constant 


A Definition of 
“Metallurgy” 


CRANFIELD, Bucks, ENGLAND 


Could I add my contribution to 
those you will receive from friends 
(or enemies, if it is conceivable you 
have any) about the definition of the 
term metallurgy in “Press Breaks”, 
p- 5, Metal Progress for April 1959, 
which really reads like a summary of 
the contents of any annual volume 
of Metal Progress! The definition I 
always use, though I cannot claim 
any originality, is: “Metallurgy is the 
art and science of winning metals 
from their ores and adapting them 
to the service of man.” 

I am not sure that definition is the 
real problem; the puzzle, in this 
country at least, has always been 
pronunciation! For example, at the 


inaugural meeting of the Institution 
of Metallurgists, back in September 
of 1945, the first problem for dis- 
cussion raised by the president was 
to decide if the new body should be 
called the Institution of Me-tall’-ur- 
gists or the Institution of Me-tall-ur’- 
gists. No decision was taken, but the 
Institution of Metallurgists was duly 
founded. 
Jostan W. Jones 


Senior Lecturer, Metallurgy 
The College of Aeronautics 


More on Welded 


Aluminum Mine Cars 


Sypney, Nova Scoria 


My attention has been drawn to 
the article “Welded Aluminum Mine 
Cars”, by J. R. Flynn, Metal Prog- 
ress, May 1959, p.114, in which an 
erroneous statement credits produc- 
tion of the first all-aluminum mine 
cars in the world to the Watt Car 
and Wheel Co., Barnesville, Ohio. 

I am writing to point out that in 
1949 the Dominion Coal Co. in Nova 
Scotia designed, purchased and put 
into operation a number of mine 
cars having all-aluminum bodies. 
Built for us by the Eastern Car 
Co. of Trenton, Nova Scotia, these 
are of riveted construction and have 
a capacity of 3 tons of coal or ap- 
proximately 5 tons of rock. The 
wheels and axles and the coupling 
link and pin are the only steel on 
the cars. Even the heavily stressed 
combined drawhead and bumper is 
an aluminum casting. 

It is perhaps not fair to draw a 
parallel between the Watt Co.’s 15- 
ton cars and our 3-ton cars, but the 
fact that, after 10 years of operation, 
we are still using this type of car 
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ALUMINUM COATED STEEL HARDWARE provides 
exceptional low cost corrosion and high heat resist- 
ance. The “heart"’ of the coating process is a 200 kw 
Ajax furnace used for preheating and fluxing. 


There’s a trick to brazing aluminum assemblies on a 
fast, accurate, low cost production basis . . . and that 
trick consists of Ajax salt bath furnace equipment backed 
by Ajax know how of modern brazing procedures. 


Among the many advantages are virtual elimination 
of warpage and distortion; the brazing of all joints 
simultaneously (even in complicated assemblies); the 
ability to braze polished surfaces without considering 
their reflectivity or to braze dissimilar alloys in a wide 
range of gauges; the uniformity and strength of the 
joints obtained, plus the fact that the work can be done 
in minutes by semi-skilled workers. 


Now! 
Removable submerged 


electrodes. Can be 
changed in an hour 
or two per pair — 
without tearing down 
furnace or pot. 


PIONEERS 
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THESE COMPLICATER ALUMINUM ASSEMBLIES 
are dip brazed in a matter of minutes on a production 
basis. Finish machining and straightening of brazed 
assemblies have been virtually eliminated. 


Looking to cut costs on Aluminum 
Brazing or Aluminizing? 


AJAX SALT BATHS PROVIDE TOP QUALITY WORK 
«++» FASTER AND AT MINIMUM COST 


IN SALT 
(SEE AJAX CATARACT QUENCH ON CLOSED CIRCUIT TV, BOOTH 1526 METAL SHOW) 


In aluminizing, Ajax furnaces combine preheating and 
fluxing, assuring at absolute minimum cost the chemi- 
cally-clean surface so vital to successful coating. In metal 
preparation, oil and grease are quickly removed along 
with any traces of scale from forging or rolling. 


MAGNESIUM BRAZING, TOO! 


Interesting to note also, is the fact that several Ajax 
users are making rapid progress in dip brazing 
magnesium commercially. 


Whatever your problem in brazing or 
aluminizing, Ajax would like to hear about 
it and make rec dati accordingly. 


AJAX ELECTRIC COMPANY 


910 Frankford Ave., 
Philadelphia 23, Pa, 


JAX 


TGRENI 


| 


SALT BATH FURNACES 


Internally heated. 
Electric and gas fired types. 


Associates: Ajax Engineering Corp., Ajax Electrothermic Corp. 
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PREALLOYED 
METAL POWDERS 


for Production Ease 


VASCO 


—and for the 


in the finished part 


The improved particle shape now achieved in Vasco 
Prealloyed Metal Powders results in better mold- 
ability and increased green strength . . . advances 
that join with the inherent superiority of prealloyed 
powder performance to create the most versatile, 
easy-to-use range of high-strength metal powder 
grades available today. 

Each Vasco Prealloyed powder particle, produced 
from a molten stream of metal, is a tiny ingot of ex- 
actly the same chemical composition as the original 
melt. Your part made from such a powder is com- 
pletely homogeneous—as much so, except for den- 
sity, as a solid bar of the original analysis. 

Select Vasco Prealloyed Metal Powders from 
many grades available, including chrome-nickel stain- 
less, chromium stainless, low alloy structural, nic_el 
and silicon-iron, hard facing alloys and brazing pow- 
ders, nickel-copper and nickel-chromium iron alloys, 
special corrosion and heat resistant alloys and tool 
steels. Your orders are filled promptly from our mill 
warehouse. Write. 


Vanadium-Alloys 
Steel Company 


Powder Metallurgy Department 


LATROBE, PENNSYLVANIA 


Correspondence . . . 


and in fact extending its usage to 
other mines is a fair indication that 
they are more economical in oper- 
ation than the steel cars which they 
replaced. 
J. A. 
Chief Mechanical Engineer 
Dominion Coal Company, Ltd. 


“Drop Forge’ Defined 


Erie, Pa. 

When I opened my copy of the 
July 1959 issue of Metal Progress 
and glanced at the fine picture on 
p- 67, I was surprised to find it de- 
scribed as a “Drop Forge in Action”, 
according to the caption. The ma- 
chine shown is, of course, a hydraulic 
press, forging an ingot. 

In any event, I do not think it 
correct to use the word “drop forge” 
as applying to any machine. I think 
that dictionaries usually define the 
noun “forge” as an establishment 
where metal is heated and forged, or 
the apparatus in which the black- 
smith builds his fire to heat the 
metal. As applied to an establish- 
ment, in modern practice, the term 
usually implies a blacksmith shop, 
where the forging is done by hand. 
Usually, but not always, the word 
shop is added where the forging is 
done by machinery and it is thus 
called a forge shop or drop forge 
shop. 

In trade I do not think that the 
machine that does the forging is ever 
referred to as a forge. It is a ham- 
mer Or a press or an upsetter. The 
word “forge” is used as a verb, ex- 
cept as indicated above. 

Macponacp S. 
Vice-President 
Erie Foundry Co. 


SURFACE PROTECTION 
AGAINST WEAR AND 
CORROSION 


Electroplated coatings, anodized 
coatings, case hardening by car- 
burizing, diffusion treatments, 
selective heat treatment, hard fac- 
ing, painting specifications, gal- 
vanizing, metalizing. 461 pages — 
6x9—red cloth—$6.00. Clip and 
send to ASM Technical and Engi- 
neering Book Information Serv- 
ice, Metals Park, Novelty, Ohio. 
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When you need conductivity of 
101.5% IACS plus good formability 
at high strength levels 


DISTINCTIVE CHARACTERISTICS: Totally free of 
oxides and residual deoxidizers, OFHC is 
99.99% pure copper. For more than 20 years it 
has been recognized as the one copper able to 
meet all demands for precision electronic and 
electrical applications. OFHC offers high con- 
ductivity ... excellent hot and cold workability 

.. immunity to hydrogen embrittlement... 
soundness and high density to assure total 
vacuum ... low volatility under high vacuum 

.. adherent oxide scale... superior anodic 
action in electroplating. 


APPLICATIONS: OFHC is the preferred copper 
for essential parts of electronic components 
such as high-frequency oscillators . . . magne- 
trons ... triodes .. . tubes requiring glass-to- 
metal seals. Rotary components of power-gener- 
ating equipment and other items requiring the 
highest obtainable electrical and thermal con- 
ductivity rely on OFHC. 


IMPACT RESISTANCE OF OFHC AND TOUGH PITCH COPPER 


TEMPERATURE (Degrees Fahrenheit) 
200 400 600 800 1000 1200 


TOUGH 


Hot-Rolled Copper 


CHARPY IMPACT STRENGTH (Foot-Pounds) 


93.3 2044 3156 4267 5378 6489 
TEMPERATURE (Degrees Centigrade) 


AMZIRC 


When you need tensile strength 
of up te 52,000 psi at 400°C 
plus conductivity of 95% IACS 


DISTINCTIVE CHARACTERISTICS: AMZIRC consists 
of OFHC Copper and a rigidly controlled addi- 
tion of high-purity Zirconium. The designer will 
find in AMZIRC high conductivity . . . retention 
of strength at elevated temperatures where cop- 
per and conventional high-conductivity alloys 
weaken .. . extreme notch toughness... trans- 
verse properties equal to longitudinal proper- 
ties... hardness . . . exceptional hot and cold 
workability. 
APPLICATIONS: Typical of the many products 
that have been improved or made possible by 
AMZIRC’s unique combination of characteris- 
tics are high-temperature magnet wire. . . com- 
mutators and collector rings .. . rotor wedges 
. . resistance welding wheels and tips .. . elec- 
tron tube studs and side rods... rectifier bases. 


TENSILE STRENGTH vs TEMPERATURE 
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AMSULF 


When you need machinability rating 
of 90 and good workability, 
plus conductivity of 96% IACS 


DISTINCTIVE CHARACTERISTICS: AMSULF is pro- 
duced by combining OFHC Copper and a nom- 
inal 0.3% sulfur. This alloy provides high 
conductivity ... rapid cutting rates ... short 
chip formation low power consumption 
relative to tool bite . . . excellent hot and cold 


workability . freedom from hydrogen em- 
brittlement . . . fine surface finish and corrosion 
resistance. 


APPLICATIONS: AMSULF is ideal for machined 
parts, especially automatic screw machine prod- 
ucts. Its hot and cold workability and immunity 
to hydrogen embrittlement allow fabricating 
and finishing techniques impossible with con- 
ventional free-cutting coppers. Representative 
of the parts now being produced from AMSULF 
are flame-cutting nozzles ... parts for motors 
and switches . . . electrical connectors, clamps, 
and clips .. . soldering iron tips .. . studs and 
terminals. 


RELATIONSHIP OF ELONGATION, REDUCTION OF AREA, 
AND TENSILE STRENGTH 
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AMPHOS* 


When you need exceptional hot 
and cold workability 
plus rapid piercing and drawing rates 


DISTINCTIVE CHARACTERISTICS: Unlike ordinary 
phosphorus-deoxidized copper, AMPHOS is pro- 
duced by adding to oxygen-free OFHC Copper 
a rigidly controlled amount of phosphorus. This 
results in a high-purity copper having uniform 
distribution of a predetermined phosphorus con- 
tent. Distinguishing AMPHOS are high den- 


sity ... free-scaling properties . . . freedom 
from hydrogen embrittlement . . . improved cold 
workability ... absence of voids .. . high soften- 


ing temperature. 


APPLICATIONS: AMPHOS should be specified for 
all tube, pipe, and related products where exact- 
ing specifications or fabricating techniques re- 
sult in an appreciable number of rejects when 
ordinary phosphorized copper is used. Its suit- 
ability for welding and brazing and immunity 
to embrittlement make AMPHOS a superior 
material for condenser tubes . . . heat exchange 
units ... coils .. . complex piping. 
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AMCO DIVISION 
American Metal Climax, Inc.,61 Broadway, N. Y.6,N. Y. 
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COMPANY 


ADDRESS 


One of AMCO’s coppers with unique com- 
binations of characteristics may hold the 
elusive answer to your design problem. 
Another may help you hone your product’s 
competitive edge. Starting point in discov- 
ering how to put these unusual metals to 
work for you are these books, booklets, and 
technical papers. There’s no charge or obli- 
gation, of course. Also available without cost 
is metallurgical design service. Just contact 
the AMCO Technical Service Section. 


AMCO DIVISION 


American Metal Climax, Inc. 
61 Broadway, New York 6, N. Y. 


C-13 C-14 C-15 C-16 C-17 C-21 C-100 


Free Technical Literature on AMCO’s Unconventional Coppers 


“TECHNICAL SURVEY OF OFHC COPPER” 


122 pages, hardbound comprehensive reference text; 
Pub C-100 


“OFHC ...PREMIUM COPPER FOR PRECISION ELECTRONICS” 
8 pages, Pub C-13 


® “AMZIRC...HIGH-CONDUCTIVITY ALLOY WITH HIGH 


STRENGTH AT ELEVATED TEMPERATURES” 
8 pages, Pub C-16 


e® “AMSULF...FREE-MACHINING ALLOY WITH HIGH CONDUC- 


TIVITY AND UNIQUE WORKABILITY” 
8 pages, Pub C-17 
“AMPHOS”’...PHOSPHORIZED COPPER FOR BETTER RESULTS 


IN TUBE, PIPE, AND ALLIED PRODUCTS” 
8 pages, Pub C-12 


You will find investigation of the other 
products in the AMCO Copper Line reward- 
ing, too. The publications covering them are 
also yours for the asking. 


Electrolytic Tough Pitch, Fire-Refined, and Other 
Coppers for Wrought Products, Casting, and Alloying 
“AMAX COPPER CATALOG” 

96 pages, Pub C-21 


Electrolytic Copper Powders, Copper Alloy Powders, 
and Pre-Alloyed Filter Powders 


“AMCO NON-FERROUS METAL POWDERS” 
16 pages, Pub C-14 


OFHC Anodes for Superior Electroplating 
“THE COPPER IN YOUR PLATING ANODES” 
8 pages, Pub C-15 


“IMPROVING YOUR ELECTROPLATING” 
8 pages, Pub C-10 
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REDUCE DOWNTIME 


Fink] vacuum degassed steels result in die blocks, hot work 
die steels, and forgings with greater ductility and toughness. 
This means that size for size, and/or hardness for hardness, 
the degassed steel reduces the chances of breakage and 
excessive wear under severe operating conditions. 


REDUCE MACHINING TIME 


Fink] vacuum degassed steels are cleaner. About 50% of the 
nonmetallic inclusions have been removed. Machineability 
is improved, with higher lusters obtainable in die block 
impressions, if desired. Fewer tool regrinds are required. 


ASSURE DELIVERY 


Fink] vacuum degassed steels promote high density centers 

in large die blocks and forgings therefore reducing the possi- 
bility of late shipment because of ultrasonic rejection. 

* For over 80 years Fink! has been producing 

top quality products. Now with the intro- 

duction of vacuum degassing of our electric 


g furnace steels we have the most complete 
3 control of quality which enables us to offer 


the finest in die blocks, hot work die steels 
"ee, and flat die forgings. Call your Finkl 


representative. 


A. FinklI & Sons Co. 


2011 SOUTHPORT AVE + CHICAGO 14, ILLINOIS 


Offices in; DETROIT +» CLEVELAND + PITTSBURGH + INDIANAPOLIS +» HOUSTON + ALLENTOWN « ST. PAUL 
COLORADO SPRINGS + SAN FRANCISCO + SEATTLE + BIRMINGHAM + KANSAS CITY » BOSTON + LOS ANGELES 
Warehouses in: CHICAGO + DETROIT « BOSTON + LOS ANGELES 
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Personal 


Mention l 


Hal W. Maynor, Jr. 


Hat W. Maynor, jyr., has 
resigned as associate professor of 
metallurgical engineering at the Uni- 
versity of Kentucky to accept a posi- 
tion with the Alabama Polytechnic 
Institute in Auburn, Ala. He joined 
the faculty as professor of mechan- 
ical engineering and will be a key 
member of a research team which 
will conduct a study of fracture 
phenomena in certain high-strength 
metallic materials. The research 
program is a contractual one, spon- 
sored by the Army Rocket and 
Guided Missile Agency at Redstone 
Arsenal, Ala. 

It will be his responsibility to 
develop a metallurgical teaching and 
research facility designed to supple- 
ment and strengthen the program of 
engineering instruction. 

Dr. Maynor received his bachelor’s 
and master’s degrees in metallurgical 
engineering and his doctor's degree 
in engineering from the University 
of Kentucky. Before joining the 
University’s faculty, he was a re- 
search metallurgist for the General 
Electric Co., and prior to that was 
assistant professor in the department 
of mechanical engineering and as- 
sociate engineer at the Atomic Re- 
search Institute of lowa State 
University. 

Frank X. McTamney @ has been 
promoted to assistant branch man- 
ager in the Philadelphia area by the 
Carpenter Steel Co., Reading, Pa. 
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Geoffrey Paget @ has been ap- 
pointed chief metallurgist for the 
Shaw Process Development Corp., 
Fort Washington, N.Y., a subsidiary 
of British Industries Corp. 


Albert H. Fleitman @ has been 
appointed to the scientific staff of 
the Brookhaven National Laboratory. 
He will participate in physical metal- 
lurgy studies on nuclear materials 
and supervise the new hot metal- 
lurgy laboratory of the nuclear engi- 
neering division of the laboratory. 
Before going to Brookhaven, he was 
assistant supervisor of the physical 
metallurgy section of the research 
and development laboratories of the 
Crane Co, in Chicago. 


William B. Stoddard, Jr., @ has 
been promoted to manager of elec- 
trochemical development for Han- 
son-Van Winkle-Munning Co., Mata- 
wan, N.J. Mr. Stoddard, affiliated 
with the company since 1957, was 
formerly assistant manager. 


Howard J. Atkinson @, formerly 
sales engineer for Riverside Alloy 
Metal Div., H. K. Porter Co., is now 
regional sales manager for Brook- 
field Wire Co., Inc. ( Mass.) 


L. F. Yntema @ is now acting 
as consultant at Bjorksten Research 
Laboratories, Madison, Wis., on re- 
search and development of foamed 
metals. Formerly vice-president, di- 
rector of research, of Fansteel Metal- 
lurgical Corp. and senior metallurgist 
at Stanford Research Institute, Dr. 
Yntema is well known for his work 
in inorganic and electrochemistry, 
rare earths and refractory metals. 


Gail B. Hamilton, Jr., @ has been 
appointed manager of market de- 
velopment for heaters and devices at 
the General Electric Co.’s industrial 
heating department in Shelbyville, 
Ind. Mr. Hamilton joined the depart- 


ment as a product sales specialist. 


Edward Egloff @ and Robert E. 
Graper @, formerly associated with 
Natural Gas Equipment, Inc., have 
formed their own corporation, Egloft 
& Graper, Inc., in Los Angeles to 
represent two Ohio producers, the 
Lanly Co., Cleveland, and the Elec- 
tro-Alloys Div., American Brake 
Shoe Co., Elyria. 


Vernon Griffiths @ has joined the 
faculty of the Montana School of 
Mines as associate professor and 
head of the department of metal- 
lurgy. Dr. Griffiths, a native of the 
United Kingdom, was formerly a 
research associate in the department 
of metallurgy at the University of 
British Columbia in Vancouver. 


John R. Gorey @ has been named 
administrative assistant to the gen- 
eral manager of the Western division, 
Los Angeles plant, of Lindberg 
Engineering Co., Chicago. Mr. 
Gorey, affiliated with Lindberg for 
17 years, was formerly sales pro- 
motion and public relations director. 


Robert Fulton, Jr., @ has been 
appointed manager of sales for NTH 
Products Co., Inc., E] Cajon, Calif. 
Prior to joining the company, he was 
manager of pricing and procurement 
for Tubesales, Inc., Los Angeles, 
where he helped establish the firm’s 


eastern division. 


A. Daniel Fentzke @, a research 
chemist, has joined the technology 
department of the Union Carbide 
Metals Co., a division of Union 
Carbide Corp., Niagara Falls, N.Y. 
Mr. Fentzke will be responsible for 
research leading to the development 
of new high-temperature materials 
for use in rockets and guided mis- 
siles. His previous affiliations in- 
clude the refractories division of 
Babcock and Wilcox Co., the Hydro- 
Electric Power Commission of On- 
tario, Canada, and the Niles (Ohio) 
Firebrick Co. 


Philip C. Barr, Jr., @ has been 
appointed manager of processing 
of the Toronto, Ohio, plant of Tita- 
nium Metals Corp. of America. Mr. 
Barr, plant metallurgist for TMCA 
for two years, was assistant depart- 
ment metallurgist specializing in 
titanium for Allegheny Ludlum 
Steel Corp. prior to his transfer to 
TMCA. 


A. Richard Boyd @ has been pro- 
moted to district manager of Car- 
penter Steel Co.’s Atlanta, Ga. terri- 
tory. Mr. Boyd formerly managed 
the Atlanta warehouse and was re- 
sponsible for sales of specialty steels 


in six southern states. 
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CASTINGS FOR 
4IGH TEMPERATURE 
SERVICE 


HEAT AND CORROSION 


Good parts must first 
te good castings — with high strength 
ond resistence to thermal shock. 

At Chie Steel, careful planning ond 
foundry control assure casting solidity; 
letes? technical edvancesg and nonr- 
destructive testing essere consistent 
high quality in ell Palrife castings. 


Among the many types of Fahrite 
costings made by Ohio Steel are: 


Treys Rotlers 

Rails Radiant Tube As:emblies 
Dipping Boskets Fixterus 

Ratorts Hearth Plates 

Solution Pots chein 

Mulfles Reversing Valves 
Donpers 


THE OHIO STEEL FOUNDRY CO. 


Plants at Springfield and Lima, Ohio SPRINGFIELD, OHIO 
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“For Scientists Everywhere” 
LABORATORY TUBE FURNACES 


For carbons and sulfurs at high temperatures 


mann ad- 
vanced design for fe 
stan 


’ operate at the highest 
temperatures possible 
with silicon carbide 


Drawer-Type Panels 

for Ease of Access 
Instrument panels pull out for ease 
“of: inspection, parts replacement 


and servicing when necessary. 
All electric compan are 


Cat. No. FURNACE Price 

ye 24-934 One-Tube Furnace, Model H-1-9 675.00 
24-944 Two-Tube Furnace, Model H-2-9 700.00 

24-954 Four-Tube Furnace, Model H-4-9 1000.00 


For use with 115 or 230 volts, 60 cycle, as specified. 
Prices listed are F.O.B. Pittsburgh, Pa. 


Ask for Bulletin No. 310 


BURRELL CORPORATION 


Scientific Apparatus and Laboratory Supplies 
2223 FIFTH AVENUE, PITTSBURGH 19, PA. 


Personals . . . 


John G. McMullin @ has resigned 
as supervisor, metallurgy applied re- 
search, for the large steam turbine- 
generator department of the General 
Electric Co., Schenectady, N. Y., to 
accept a position as supervisor, struc- 
tural alloy research, in the central re- 
search laboratory of Crucible Steel 
Co. of America, Pittsburgh. 


LaMar J. Vieau, Jr., @ has estab- 
lished the Vieau Engineering Co. to 
represent several manufacturers in 
the Houston, Tex., area. Mr. Vieau, 
who was formerly president of Hous- 
ton Heat Treating Co., is active in 
the Texas Chapter @ and is current- 
ly secretary-treasurer. 


John M. Zabkar @ has been ap- 
pointed head of manufacturing oper- 
ations in the commercial production 
unit of Sylvania-Corning Nuclear 
Corp., Hicksville, L. I., N. Y. Mr. 
Zabkar’s background includes 18 
years with Westinghouse Electric 
Corp.’s Sharon Works, Pennsylvania 
Transformer Co. and Steel-Bilt Con- 
struction Co. At the same time, 
John Dickson @ has been named 
head of the commercial planning 
and control department. For 24 
years, he was affiliated with the Gen- 
eral Electric Co. and had been in the 
atomic power department in San 
Jose, Calif., since its inception. 


William J. Grierson @, formerly 
associated with Aero-Jet General 
Corp., has joined the Garrett Corp.'s 
AiResearch Industrial Div., Los An- 
geles, as manager of quality control. 


Fred E. Storm @, chairman of the 
New Haven Chapter @, has joined 
the Bridgeport Works of the Singer 
Mfg. Co., Bridgeport, Conn., as con- 
sulting plant metallurgist. 


Jack E. Morris @ has been ap- 
pointed general manager of the con- 
tainer division of Jones & Laughlin 
Steel Corp., Pittsburgh. He was 
formerly director of product devel- 
opment in J&L’s general office. 


Thomas M. Broughton @ was ap- 
pointed a sales engineer for Arcweld 
Mfg. Co., Grove City, Pa. Mr. 
Broughton, who comes to Arcweld 
from Riehle Testing Machines Div. 
of American Machine & Metals, 
Inc., will serve Western district cus- 
tomers from new offices in Van 
Nuys, Calif. 
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SURFACE 
COMBUSTION 
CORPORATION 


PRESENTS 


CONVECTION 


...the most significant breakthrough in 
heat treating technology in twenty years. 


If you could step from a gentle summer breeze into 
an airstream of gale velocity, you’d get some idea of the 
vast difference between the convection often used in industrial 
heat treating and the new Surface Power Convection. 

With Surface Power Convection, air velocities of 150 
miles per hour or more are not uncommon. The work 
is heated under precise control in a fraction of the time usually 
required. Unprecedented product uniformity is achieved. 
Production per unit of floor space and per dollar of invested capital 
is raised to levels that were impossible only a few years ago. 

Surface Power Convection will be demonstrated 
at the Metal Show in Booth 648. Be sure to see it. 


SURFACE COMBUSTION CORPORATION + 2377 Dorr St., Toledo 1, Ohio 
In Canada: Surface Industrial Furnaces, Ltd., Toronto, Ontario 
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For almost every a 
hardness testing requirement Robert F. Mehl @, cited as 


one whose “name is virtually syn- 


There’s a Wilson “Rockwell” onymous with modern metallurgy”, 


was awarded one of the highest hon- 


i ineering education at the 
instrument to do the job 


Education annual meeting in Pitts- 


Wilson ‘Rockwell” Hardness Test- Wilson '‘Brale”’ burgh last summer. Dr. Mehl, dean 
ers can help make your products Diamond Penetrators of graduate studies at Carnegie Insti- 
better, stronger, longer lasting. tute of Technol d head of th 

They give reliable results on the give Perfect Readings 


metallurgical engineering depart- 
ment and the Metals Research Lab- 
oratory, received the Vincent Bendix 
Gold Medal for “his pioneering study 
of the fundamental concepts of the 
nature and behavior of metals, for 
the vigorous research program which 
he directed and in which he has 


personally participated, and for his 
White for Catalog RT-58. | mond—one by one—assure you impact upon the careers of his many 
It gives complete details on of accurate hardness testing P am . Al 
the full line of Wilson hard- | every time. students and associates”. Dr. Mehl 
ness testing equipment. was also honored by two universities 
— he received honorary degrees from 
Case Institute of Technology and the 
University of Pennsylvania. 


F. C. Langenberg @ has been 
appointed manager of process re- 
search for the Crucible Steel Co. of 
America, Pittsburgh. Formerly chief 
development metallurgist at the 
company’s Midland, Pa., works, he 
will now be responsible for develop- 
ing technical specifications for all 
process research facilities at the Cru- 
cible Technology Center. 


Edward L. Badwick @, formerly 
production engineer with Bendix 
Aviation Corp., at the semiconductor 
division in Long Branch, N.J., has 
been appointed plant manager of 
Accurate Specialties Co., Inc., 
Woodside, N. Y. 


H. B. Hebble @, who has been 
working on the development of 
vacuum induction melting of ura- 
nium for the past two and one half 
years at the National Lead Co. of 
Ohio in Cincinnati, has joined the 
vacuum metallurgical department of 
F. J. Stokes Corp., Philadelphia, as 
product specialist on vacuum melt- 
ing equipment. 


Charles W. Ashcom @ has been 
WILSON 


neer, engineering and planning divi- 


MARDON t &y TE TE RS co sion, at Kaiser Steel Corp.’s Fontana, 
Calif., plant. In his new capacity, 


Wilson Mechanical Instrument Division Mr. Ashcom will head the newly 


American Chain & Cable Company, Inc. created department of metallurgical 
230-F Park Avenue, New York 17, New York engmecermg. 


production line, in laboratories, in A perfect diamond pen- 
tool rooms, and in inspection de- etrator is essential to 
partments. They’re as easy to use | accurate testing. Only 
as a center punch, as durable as a flawless diamonds are 
machine tool, as sensitive and ac- used with Wilson 
curate asa precision balance. That’s “Brale”’ penetrators. 
why Wilson “Rockwell” is recog- Each diamond is cut to 
nized as the world’s standard of an exact shape. Micro- 
hardness testing accuracy. scopic inspection and a 
comparator check of each dia- 


“ROCKWELL” 
HARDNESS TESTER 
for most hardness 


OCKWELL 
for extremely shallow 
indentations 


AUTOMATIC—semi and fully automatic 
models for automatically 
pieces at rates to 1,000 pieces per isn 
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fundamentals of SURFACE POWER CONVE 


So great is the difference between ordi- 
nary convection and Surface Power 
Convection that it will be well to dis- 
cuss this development in the light of 
a few fundamentals. 

A heat treating furnace is essentially 
a device in which heat transfer by radi- 
ation, convection, and conduction takes 
place under control, to put parts 
through a time-temperature cycle. 

Heat transfer by conduction serves 
primarily to distribute heat within the 
work-piece. Transfer of heat to or from 
the parts is by radiation and convection. 

To speed production, we can in- 
crease the rate of radiant heat transfer 
with very high “thermal heads,” in 
other words, with very hot “radiators.” 

We soon encounter many limitations, 
however. The geometry of the work- 
pieces or the load of parts in the fur- 
nace may cause parts of the work to 
overheat long before the main mass of 
the part or load is up to temperature. 
Differences in surface quality or color 
will change the heat absorbing ability 
of the metal and result in uneven heat- 
ing and non-uniform results. Further- 
more, when “radiator” temperature is 
substantially above desired maximum 
work-piece temperature, control of heat 
transfer rate is critical and difficult. 

Finally, thermal heads are limited 
by the very practical problem of the 
maximum operating temperatures of 
the materials feasible for radiators and 
other structural material in the fur- 
naces—usually about 2000° F. 

On the other hand, with convection, 
we can increase the rate of heat trans- 
fer without such critical control prob- 
lems or dangers of overheating, by rais- 
ing the velocity of air movement and 
maintaining only a relatively small 
thermal head. 

The amount of heat transferred to 
the work is now determined mainly by 
the velocity of air movement, and 
hence we can raise the upper limits of 
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(VELOCITY) M.P.H. 


heating rates very significantly. The de- 
sirability of convection heat transfer 
at extreme velocity has long been 
known; its advantages in terms of im- 
proved uniformity, increased speed, 
and reduced floor space are clear. 


200 200 
180 180 
160 160 
140 — 140 
120 = 120 
100 & 100 
80 80 


60 60 
40 


Ordinary convection 
0 10 20 30 40 50 
RELATIVE HEAT TRANSFER RATE 
Surface Power Convection utilizes the highest air 
velocity to achieve a maximum heat transfer coef- 
ficient consistent with application requirements. 


Why, then was Power Convection 
not developed long ago? Chiefly be- 
cause the engineering design problems 
—involving mechanics, aerodynamics, 
thermodynamics, metallurgy, to name 
only a few—were so formidable. For 
instance, fan blades had to be designed 
for maximum aerodynamic perform- 
ance, to operate continuously under 
high dynamic stress at elevated temper- 
atures. This brought a host of prob- 
lems unheard of in conventional fur- 
nace design and manufacture. Soon it 
became apparent that air movement 
patterns were determined not just by 
fan design but by the geometry of the 
parts, density of loading, configuration 
of the furnace interior, baffles and 
work handling devices. 


It was not enough just to build fans 
that would function in extreme en- 
vironments: it was a matter of accumu- 
lating a wealth of new data on high 
temperature convection in a range of 
velocities never before explored, then 
solving a large array of interrelated 
problems so that reliable predictions of 
furnace performance could be made. 

In effect, the furnaces would behave 
like wind tunnels, handling air at tem- 
peratures close to the physical limits of 
our materials. This is what Surface has 
developed over a period of years. 

We can now present and define a 
new measure of furnace performance: 
convection power—a rating of the ca- 
pability of a furnace to transfer heat 
to its work load primarily by convec- 
tion, with great speed, uniformity, and 
efficiency. And convection power can 
now be evaluated in economic terms. 

While some problems remain to be 
fully worked out, we have charted such 
a large area of this new technology that 
we can say with confidence: 

Surface Power Convection raises the 
capabilities of heat treat production 
significantly above previously accepted 
limits of performance. Cooling as well 
as heating is remarkably speeded up, 
and the uniformity of heat treatment 
in controlled atmospheres is improved. 

Surface Power Convection now per- 
mits designing furnaces with heat 
transfer rates limited not by our abili- 
ties to produce and distribute heat, but 
by the physical abilities of work-pieces 
to absorb it. 

Write for Bulletin SC-182 for fur- 
ther data on this new development. 
SURFACE COMBUSTION CORPORATION 

2377 Dorr Street, Toledo 1, Ohio 
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For Fast, Accurate Test Results 


CONVAIR-ASTRONAUTICS DEPENDS 
on a TINIUS OLSEN Elecématic U.T.M. 


Materials used in the Atlas intercontinental ballistic missile 
must meet exacting specifications to withstand the tremen- 
dous stresses and strains of outer space flight. Time is at a 
premium. Testing accuracy and reliability are assured by a 
Tinius Olsen Elec$matic Universal Testing Machine used in 
the San Diego plant of Convair (Astronautics) Division of 
General Dynamics Corp. 


Uniform testing speeds are maintained throughout the test 
by the variable speed motor drive. Any of four ranges, of as 
little as 1/100 capacity, can be selected during test. In addi- 
tion, materials under test can be subjected to varying condi- 
tions of stress and strain with a built-in automatic cycling 
program controller. 


Evaluate your testing program in terms of the unmatched 
flexibility and accuracy of a Tinius Olsen Elec®matic—avail- 
able in capacities from 500 to 1,000,000 Ibs. Write for Bulletin 
54 today. 


Personals . . . 


James McSharry @ has joined the 
research and development group of 
Mallory-Sharon Metals Corp., Niles, 
Ohio, as staff assistant for work in 
extractive metallurgy. While Mr. 
McSharry will be stationed at the 
Niles laboratory, he will work closely 
with the company’s titanium and zir- 
conium reduction plants. 


Kenneth P. Seeger @ has joined 
the staff of Precision Extrusions, 
Inc., Bensenville, Ill., as chief metal- 
lurgist. His past experience includes 
18 years in the aluminum extrusion 
field, most recently as plant metal- 
lurgist for the Aluminum Co. of 
America at Lafayette, Ind. 


Amold L. Boyce @ was recently 
appointed superintendent of Indox 
at the Indiana Steel Products Co.'s 
new plant in Valparaiso, Ind. Prior 
to his association with Indiana Steel, 
Mr. Boyce was with the Ford Motor 
Co. as a metal powder engineer and 
served as assistant superintendent in 
the powder metal department at the 
Morine Products Div. of General 
Motors Corp. 


Charles S. Fee @ has been ap- 
pointed project manager in charge of 
ceramic fuels contracts for the com- 
mercial production unit of Sylvania- 
Corning Nuclear Corp., Hicksville, 
L. L, N. Y. Other appointments in 
the company include B. H. Francis, 
named project manager for PRDC 
reactor fuel production, generally 
known as the Enrico Fermi fast 
breeder reactor at Detroit, and Wil- 
liam G. Lidman ©, formerly with 
Sylvania Electric Products in the 
nuclear energy field and associated 
with Sylcor since its inception, now 
project manager in charge of coor- 
dinating all activities bearing on the _ 
Army Package Power Reactor, for 
which Syleor is fabricating the sec- 
ond complete loading. 


R. Thornton Beeghly @ has been 
elected president of Metal Carbides 
Corp., Youngstown, Ohio. He joined 
the company in 1934 and has been 
vice-president and general manager 
since 1936. 


Marvin B. Happ @, former chief 


TINIUS OLSEN 


TESTING MACHINE COMPANY 
2030 EASTON ROAD © WILLOW GROVE, PA. 


metallurgist with the Walworth Co., 
has joined Tang Industries, Wal- 
tham, Mass., as assistant general 
manager. 


‘Trademark 
Res. U.S. Pat. Of, 


Testing and Balancing Machines 
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stop temperature variations 
in high density loads with 


SURFACE POWER 


Exceptional uniformity and speed of heat treating, regardless of load 
density, help make a consistent profit-maker of this mechanized line 
of Surface batch-type furnaces at The Milwaukee Gear Company. 

Because of Surface Power Convection, Milwaukee Gear has much 
greater metallurgical control and uniformity of product than ever 
before. High-velocity wind penetrates the tightest loads; assures uni- 
form heat transfer whatever the size, shape, or alloy of the work. 

Carburizing case depths are hit right on the button which vary 
from a few thousandths to *is of an inch. This unusually flexible stand- 
ard rated furnace line consists of two Super Allcase® furnaces, a hori- 
zontal draw furnace, spray washer, DX® and RX® gas generators, 
and Autocarb® signalling dewpoint controller. 

Surface Power Convection cuts cycle times to a fraction. 

These advantages only suggest the profitability of Surface Power 
Convection. Ask your Surface representative to describe the most 
important development in convection heat transfer in 20 years. 

Write for Bulletin SC-182. 

SURFACE COMBUSTION CORPORATION + 2377 Dorr Street, Toledo 1, O. 
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Strength of Martensite 


Digest of “The Strength of 
Martensite Formed From Cold 
Worked Austenite”, by J. C. 
Shyne, V. F. Zackay and D. J. 
eam @ Preprint No. 163, 
1959. 


HE AUTHORS discuss some results 

of their very interesting research 
on the effects of hot-cold working 
metastable austenite on the strength 
of martensite formed on subsequent 
cooling. Five steels (three air melts 
and two vacuum melts) were stud- 
ied. The air melts were essentially 
a 2.0% Cr, 1.5% Si, 1.0% Mn, 1.0% 
Ni, 0.4% Mo and 0.3% V steel with 
carbon content between 0.3 and 
0.5%. The vacuum melts were 3.0% 
Cr, 1.5% Si, 1.5% Ni, 0.75% Mn, 
0.4% Mo with 0.5 to 0.6% C. Both 
steels have a wide bay (in the TTT 


=, 


- Interpretative Reports of World-Wide Developments 


diagram) between the pearlite and 


bainite transformation ranges; in 
these, metastable austenite can be 
severely hot-cold worked. Austen- 
ite deformations up to 93% reduction 
in area were studied. 

The yield strengths of martensites 
formed from hot-cold worked aus- 
tenites are summarized in Table I. 
Data were estimated from the curves 
in the paper. The yield strength of 
the as-formed martensite (212° F. 
temper) was increased as much as 
50,000 to 70,000 psi. by severely 
cold working the austenite prior to 
transformation. 

The tempering behavior of mar- 
tensite from deformed austenite is 
quite different from that from un- 
deformed austenite. The yield 
strength of the martensite of the un- 
deformed air-melted steels decreases 
or remains essentially independent of 


Table I — Yield Strength of Martensite Formed from Hot-Cold 
Deformed Austenite* 


212° F. Temper 700° F. Temper 
CARBON 
Unworkep | AustTenire, | UNworkKep | AUSTENITE, 
AusTENiTe | Workep 90% | AusTEeNITE | WorKED 90% 
Arr-MELTED ALLOYS 
0.31% | 230,000 psi. | 300,000 psi. 230,000 psi 360,000 psi. 
0.41 255,000 325,000 260,000 395,000 
0.47 265,000 325,000 265,000 395,000 
Vacuum-MELTED ALLoYs 

0.48 230,000 290,000 250,000 365,000 
0.63 250,000 320,000 290,000 395,000 


* Data estimated from curves in paper. 


tempering temperature up to 600 to 
700° F. However, the yield strength 
of all of the severely cold worked 
steels increases as much as 60,000 to 
90,000 psi. on tempering at 600 to 
700° F. Thus, adding the increased 
yield strength due to austenite de- 
formation in the untempered condi- 
tion to the additional increase re- 
sulting from tempering gives a total 
higher yield strength by austenite 
deformation of as much as 145,000 
psi. This means yield strengths in 
the 350,000 to 400,000 psi. range. 
It should be pointed out that the 
data are for tests in the direction of 
working. 

The ductility of these very high 
strength steels is not bad (4 to 9% 
elongation) at least for the vacuum- 
melted heats. No ductility data are 
reported for air melt compositions. 

Plastic deformation of the austen- 
ite resulted in a finer martensite, 
and the martensite plate length was 
roughly proportional to the degree 
of austenite deformation. Yield 
strength was found to be a linear 
function of the reciprocal of the 
square root of the martensite plate 
length. Consequently, the authors 
appear to believe that the main effect 
of deforming the austenite is to de- 
crease the martensite plate size. 

This paper should be on the “must 
read list” of all metallurgists. Un- 
doubtedly the technique of hot-cold 
working austenite prior to transfor- 
mation to martensite is a powerful 
new tool for changing the properties 
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SURFACE POWER CONVECTION 


speeds annealing rate to 
8,000 Ibs/hr of brass tubing 


This furnace is one of Scovill Manufacturing Company’s (Waterbury, Con- 
necticut) answers to the threat of imported brass and copper mill products. 

Scovill is after new highs in production and quality in its new streamlined 
tube mill at New Milford, Conn. This continuous roller hearth furnace, 
equipped with Surface Power Convection, helps achieve both goals. It 
anneals and cools 8,000 Ibs. of brass and cupro-nickel tubing an hour. At the 
same time, it produces tubing of superior physical properties because it 
maintains temperature uniformity at plus-minus 8° F. 

Such process speeds and temperature uniformity are possible only with 
Surface Power Convection, the most important advance in convection heat 
transfer in 20 years. Ask your Surface representative how you can apply this 
profitable new technology to your products. Write for Bulletin SC-182. 
SURFACE COMBUSTION CORPORATION + 2377 Dorr Street, Toledo 1, Ohio 


whenever heat it used in industry 


\4 


Motor cases for a 24-foot missile go into this gantry- 
type furnace at Lindberg Steel Treating Company ... 


«..« and come out of these quench tanks at uniform hardness. 


To get uniform quenching of 24-foot work loads 
Lindberg chose LIGHTNIN Mixers 


The two turbine-type mixers circulate 240,000 pounds of molten salt at 400 
to 1000° F over four radiant heating and cooling tubes and through the work 
load in the 25-foot-deep bath. 

Controlled circulation insures complete transformation and promotes uni- 
form hardness depth when quenching a work load as large as 80” in diameter 
by 288” long, weighing as much as 6000 pounds. 

Installed close to the batch surface and exposed to high temperatures, each 
15-hp mixer has built-in provision for water-cooling the hollow upper shaft, 
thus minimizing the temperature of the reducer and shaft bearing areas. 

LIGHTNIN Mixers are made in sizes from 1 to 500 hp for new or existing 
quench tanks—for use with any quenchant, any type of immersion quenching, 
pieces of any size, shape, quantity. They are recommended by leading steel 
producers, used as standard equipment by leading furnace manufacturers. 
For complete information, call your nearest LIGHTNIN Mixer representative 
(listed in Thomas’ Register) or write us. 


Mixers 


MIXCO fluid mixing specialists 


MIXING EQUIPMENT Co., Inc., 171-k Mt. Read Bivd., Rochester 3, N. Y. 


In Canada: Greey Mixing Equipment, Ltd., 100 Miranda Ave., Toronto 19, Ont. 


Martensite . . . 


of steel. Much additional informa- 
tion is needed. Particularly inter- 
esting would be data on the impact 
transition temperature and the ten- 
sile and impact properties of speci- 
mens taken normal to the direction 
of deformation. 


J. H. 


Hot Working 
Ferrous Materials 


Digest of “The Effect of Ini- 
tial Increments of Hot Working 
on the Mechanical Properties of 
Certain Ferrous Materials”, by 
H. J. Wagner and J. W. Spret- 
nak, @ Preprint No. 170, 1959. 


FREQUENTLY many intermediate op- 

erations are required to hot forge 
a square or round ingot to a complex 
shape. Consequently, the use of 
precast blanks, approximating the 
final shape, has been suggested for 
minimizing these steps, thereby cut- 
ting costs and increasing production. 
The success of forging precast blanks 
hinges on obtaining the desired me- 
chanical properties by relatively 
small hot reductions. This work was 
initiated to learn the relationship 
between such small forging reduc- 
tions and mechanical properties. It 
was planned to learn also how this 
relationship is affected by chemical 
heterogeneity, inclusion content, and 
direction of testing. 

In this investigation all hot work- 
ing was done by slow upset forging 
in a hydraulic press. Preliminary 
tests showed that the amount of de- 
formation varies substantially from 
point to point in the upset forging. 
Consequently, for getting mechan- 
ical-test specimens with a specific 
amount of hot work, it was necessary 
to first develop a method for deter- 
mining relatively accurately the 
amount of deformation at specific 
locations in an upset forging. This 
was done by studying the flow pat- 
tern in two pieces of hot rolled 
A.LS.I. 1010 steel machined to the 
same size (3.5 in. diameter by 4 in. 
high) as the experimental cast billets 
in the main study. Along a median 
longitudinal plane of each billet, 
vertical %-in. holes were drilled % 
in. apart. High-carbon steel rods 
were inserted in the holes. These 
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POWER CON 
achieves uniform grain size 
at unprecedented speeds 


This Surface line is designed to continuously heat brass strip at speeds up to 
200 feet per minute. 

But unprecedented process speed is not the only profit which can be credited 
to Surface Power Convection, which heats the strip. Equally important are 
uniform control of grain size from edge to edge, and improved surface quality. 

The key to such high-speed high-quality production is the tremendous 
wind velocity achieved by Surface Power Convection. In this furnace, wind 
speeds reach 136 miles per hour—a velocity unheard-of in convection fur- 
naces up to now. 

And the best news about Surface Power Convection is that it can be 
applied to virtually any type of heat treating equipment you can think of— 
batch or continuous, direct or indirect fired, straight air or atmosphere. 

You know how higher speeds and better quality could improve your profits. 
Surface Power Convection will give you both. Write for Bulletin SC-182. 
SURFACE COMBUSTION CORPORATION + 2377 Dorr Street, Toledo 1, Ohio 


wherever heat is used in. industry 


Before you etch aluminum 


ask Oakite 


OVER 50 YEARS CLEANING EXPERIENCE + OVER 250 SERVICE MEN + OVER 160 MATERIALS 


Oakite controlled aluminum etch 
provides safe, uniform mat finish 


When your aluminum parts come out of an Oakite etching bath, 
you know exactly how deep an etch to expect. To give you this sure 
control, Oakite provides a variety of alkaline etching compounds. 
Each has its own rate of ‘bite’ and each is safe because the rate is 
dependable and uniform. 

For instance, if you want a fine grain etch at moderate cycling 
speed—Oakite Composition No. 30 might be recommended by 
your Oakite man. Or, if you want a faster or deeper etch—Oakite 
60, 130, or 160 might be the best choice. 

Oakite controlled etching gives you a perfect satin finish when you 
want to enrich the natural beauty of aluminum, as on window frames 
or storm doors. When you want to prepare aluminum for paint, 
anodizing or lacquering, you get just the mat finish you need. 

All Oakite alkaline materials are controlled to provide an identi- 
cal rate of etching, batch after batch. One material is exactly right 
for your process, your alloys. Which one? Ask your Oakite man, 
or write for more information to Oakite Products, Inc., 45B Rector 
Street, New York 6, N. Y. 


it PAYS to ask Oakite 


OAKITE 


i 1909-1959 = 
years’ leadership in industrial cleaning 


Export Division 


Cable Address: Oakite 


Technicol Service Representatives in Principal Cities of U. S$. and Canado 


Hot Working . . . 


billets were then upset forged (along 
with those in the main study) to 1.4 
and 2.1 initial-to-final height ratios, 
and sectioned through the rods to 
illustrate the metal flow pattern pro- 
duced by forging. The photomac- 
rographs included in the appendix 
of this paper indicate the flow 
pattern. 

Now to return to the main prob- 
lem. To separate the effects of in- 
clusions and chemical heterogeneity, 
the study used electrolytic iron and 
A.LS.I. 4340 steel, each with low 
sulphur (0.002%) and high (0.15%). 
These materials were melted in air 
in a 200-lb. induction furnace, de- 
oxidized with aluminum (2 lb. per 
ton) and cast as 4 x 4 X 16-in. in- 
gots. Cylinders, 3.5 in. in diameter 
by 4 in. high, were machined for 
forging as described in the preceding 


paragraph. The cylinders were 


Iron (Few Sulphide Inclusions) 
Iron (Many Sulphide Inclusions) 


A.1.S.1. 4340 
(Few Sulphide Inclusions) 


A1.S.1. 4340 
(Many Sulphide Inclusions) 


90 Radial | 
= 
Axial | 


30 


Reduction of Area in Tensile Test, % 


0 
0 -0.1 -0.3 -0.5 -0.7 
Maximum Principal Deformation, ¢ ion 


L i iL = 
Height Ratio 


Fig. 1 — Effect of Degree 
of Deformation on 
erage Reduction of Area 


heated to 2200° F., held for 1 hr., 
upset forged and cooled in air. To 
simulate this condition, the unforged 
control cylinders also were austeni- 
tized for 1 hr. at 2200° F. and air 
cooled. To increase the validity of 
the results, 7 to 13 replicate speci- 
mens were used in this investigation 
(Continued on p. 176) 
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HIGH VACUUM FURNACE , 


Above—Cross section of 
vacuum molded billet. 
Below—The same metal 
but cast in atmosphere. 


When you can't afford to let gases reduce the ENGINEERED FOR PERFORMANCE 


AT THE 
METALS 
SHOW::- 


OCTOBER 1959 


quality of your castings and run reject rates 
out of sight, the practical money-making as- 
pects of KINNEY High Vacuum Furnaces as- 
sert themselves. The 50 pound model shown 
has found excellent application with high 
nickel steel, carbide tool steel, uranium and 
other metals. But, the value of this KINNEY 
Furnace is not confined to the more exotic 
metals . . . low alloy steels are dramatically 
improved by vacuum processing. 


ADD TO MELT WITHOUT BREAKING VACUUM 
You can introduce alloying material or add 
to the melt while maintaining a high vacuum 
in this versatile furnace. You can also oper- 
ate the furnace using moderate positive pres- 
sure and an inert gas atmosphere. 


KINNEY 
BOOTH... 


The furnace chamber features a full-opening 
hinged door or a rollaway type door with 
vertical or oblique split. Valving and 
special mechanisms for manual or automatic 
operation can be supplied and numerous ac- 
cessories are available such as: various sizes 
of induction heating units, indexing of mold 
table, dip thermocouple and probe rod. 


Complete your file of KINNEY High Vacuum 
equipment. Write for new Bulletins on Fur- 
naces for Sintering, Annealing, Degassing, 
Brazing and Heat Treating. 


KINNEY wes. oivision 


Pumps and Accessories. 
Name 


Please send us your latest literature on KINNEY 


THE NEW YORK AIR BRAKE 
2584K, WASHINGTON STREET . BOSTON 30 MASS 

: High Vacuum Furnaces and KINNEY High Vacuum 


Company 


Address__ 


Zone 


City 


MELT AND CAST PIECES UP TO 50 POUNDS IN THIS— 
| 
| Get the facts on’ 
| what's new in. 
High Vacuum 
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Vacuum Equipment Division 
F. J. STOKES CORPORATION 
5500 Tabor Road, Philadelphia 20, Pa. 


MECHANICAL 


BOOSTER PUMPS 


Packaged high-speed pumping systems that 
feature automatic push-button operation 


Stokes Mechanical Booster Pumps are streamlined, 
compact integrated systems that offer the user 
greater pumping speed per dollar. The unit consists 
of a coaxial blower first stage, backed by the latest 
gas-ballasted Microvac rotary vacuum pump. Four 
models are available . . . Model 1710, with a 1050- 
cfm rating —Model 1711, rated at 1160 cfm—the 
1712, rated at 2900 cfm—and the 1713, rated 
at 5100 cfm. 


Operation of this Stokes system is entirely auto- 
matic. When the pressure has been roughed down to 
15 mm Hg, a pressure switch actuates the blower 
unit. There are no complicated switching or valving 
procedures necessary. All models feature an ultimate 
blank-off of 0.5 microns and tremendous throughput. 


Call your nearest Stokes office, or contact Stokes’ 
Engineering Advisory Service for complete specifi- 
cations on all models —or application assistance for 
your own specific process. 


Hot Working . . . 


for each condition of forging reduc- 
tion, inclusion content and chemical 
composition. 

The experimental results comprise 
room-temperature tensile data in the 
axial (transverse) and radial (longi- 
tudinal) directions. The results are 
limited to initial-to-final height ra- 
tios of zero, 1.4 and 2.1. Forging 
of iron and 4340 steel to a height 
ratio as great as 2.1 has no significant 
effect on the tensile strength, either 
with high or low sulphur. This ob- 
servation implies that chemical het- 
erogeneity does not influence the 
independence of tensile strength and 
degree of forging, because the in- 
dependence is found both in a fairly 
homogeneous material, iron, and in 
one much more heterogeneous, 4340 
steel. A number of earlier investi- 
gators also found that degree of forg- 
ing has no significant effect on ten- 
sile strength. 

On the other hand, ductility, as 
measured by reduction of area in 
the tensile test, is affected signifi- 
cantly by the degree of forging, as 
shown by the average values in Fig. 
1. This also has been observed by 
earlier workers. The maximum duc- 
tility in the axial (transverse) direc- 
tion is reached at the height ratio 
of 1.4 for all four materials under 
study. Further forging lowered or 
had little effect on the axial ductil- 
ity. Forging reductions ranging up 
to the 2.1 maximum height ratio im- 
proved the radial (longitudinal) 
ductility of the 4340 steel, but not of 
iron probably because of its homo- 
geneous nature. The presence of 
sulphide inclusions increased the dif- 
ference between the axial and radial 
ductilities in both iron and 4340 
steel. Increasing the forging, by in- 
creasing the height ratio from 1.4 to 
2.1, was found to result in greater 
directionality of the ductility and in 
a wider spread of the ductility values 
in both directions. 

In summary, the results of this 
work suggest, but do not prove, that 
it may be feasible to increase the 
productivity of the forging industry 
by rough casting blanks of normal, or 
better, soundness to the approximate 
shape of the final product, thus min- 
imizing the number of forging-press 


operations. O. O. MILLER 
(More digests on p. 194) 
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Describes National Uitrasonic Corporation's: 
@ Applications Laboratory service. Your 


THE CYCLOGRAPH, (Model 


sample parts are cleaned ultrasonically and 
equipment and cost recommendations are 
made at no charge. 

STANDARDLINE medium power cleaners 
for all applications requiring average 
energy levels. 

HEAVYDUTYLINE high power cleaners for 
industrial applications requiring high 
energy density. 

NUclean” solvents and detergents especially 
formulated for ultrasonic cleaning. 


destructive 
finished parts by their metallurgical characteristics. 
With the new Automatic Sorter Unit, speeds up to 
300 pieces per minute are possible with the use 


Eddy-Current Instruments 
for Unscrambling Metal Mixups 


This instrument permits truly high speed, non- 


sorting of raw, semi-finished 


or 


of suitable feeding equipment. 
industrial firms everywhere. 
Englewood 3 


J.W. DICE CO. 


© ‘‘Non-destructive Testing and Measuring Instruments" 
In Canada 


Used by leading 


ESsex 1-0550 « TWX NK 1030 


LIST NO. 240 ON INFO-COUPON PAGE 186 


UNIFORM HEAT 


throughout the work space 


30 STANDARD 
CABINET 


MODELS 


WE BUY — SELL — LIST 
LOCATE QUALITY USED INDUSTRIAL 


FURNACES 


26 YEARS DESIGNING—ERECTING— 


INSTALLING FURNACES 
WANTED—SURPLUS FURNACES. 
WE PAY CASH. 

WRITE FOR OUR LIST TODAY 


PAPESCH & KOLSTAD, INC. 


10706 CAPITAL AVENUE 
OAK PARK 37, MICHIGAN 
P.O. Box 3726 


Phone, Lincoin 7-6400 


Model HB Electric or 
Gas Cabinet Oven 


@ Work space from 4.6 to 72.3 cu. ft. 
@ Temp. ranges from 100 to 1250° F. 
@ Electronic combustion devices for gas models 
@ Indicating control instrument 
@ Factory tested 
Other ovens from $121.50 up: 
walk-in and custom built models. 


Write for details 
Specialists in Heat Process Equipment 


laboratory, bench, 


~~~ 
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Chicago 22, tl. 


LIST NO. 50 ON INFO-COUPON PAGE 186 


. Teronto 


Tatnall Measuring and Nuclear Systems, 
lad 


Corporation, 
LIST NO. 235 C 


Machines the 


Such as: 


Hardened Tool Steel 
Cemented Carbides 
Cermets and Ceramics 
Ferrite 

Germanium 
Aluminum Oxide 
Jewel Stones 


Dies 

Transistor Components 
Tire Molds 

Electronic Elements 
Machine Parts 

Jewel Bearings 

And Many Others 


Dayton 1, 
ON INFO-COUPON PAGE 186 


End Products are 


hardest materials 


Get full information on the spectacular economy 
and precision of the Cavitron—Write to The Sheffield 
Ohio, USA., Dept. 39. 


LA-CO 
Aluminum Soldering Flux 
Now ... Solder Aluminum 


with ordinary soft solders 
® Use 60-40, 50- 


50, 40-60, 95-5 
solders 
No new solder- 
ing techniques 
Non-ocid . 


ALUMINUM 


Self-cleaning 

A major break- 
through in alu- 
minum fabrication. 
Use ordinary soft 
solders ordinary irons or torches. 
Remarkable fluxing action achieves perfect 
bond of aluminum and solder making pos- 
sible the fabrication of aluminum to alu- 
minum, copper, steel, stainless steel, gal- 
vanized iron, brass, etc. 


Write for sample, or 


engineering help on 
any fluxing problem. 


LAKE Chemical Co. 
3079 W. Corroll Ave., 
Chicago 12, Hil. 


LA-CO 
Silver Solder Flux 


Greater speed and economy 


for all silver soldering! 
© Packed in tins 
© Will not harden 
Non-acid . 


Self-cleaning 
For all silver sol- 
dering in 1125° to 
1700° F. heat range. 
Dissolves all refrac- 
tory and non-refrac- 
tory oxides 
solder penetrates 
completely into all areas, for maximum 
strength without solder waste. Completely 
acid-free—will not pit or stain metals. Al- 
ways-ready paste form . . . will not harden 
or crystallize. 


Write for sample, or 
engineering help on 
any fluxing problem. 


LAKE Chemical Co. 
3079 W. Carroll Ave., 
Chicago 12, Ill. 


LA-cO 
Stainless Steel & Chrome 
Soldering Flux 


Safer...Surer... Cleaner 


@ Doesn't stain 
@ Non-acid 
@ Self-cleaning 


For soldering all 
stainless steel and 
chrome, including 
300-400 Series, with 
ordinary soft sol- 
ders hoauives no 
pre-cleaning. Acid 
free formulation will not pit metals, leaves 
no stains. No buckling on even light gauge 
work. In liquid or paste form 


ing help on 

LAKE Chemical Co. 


3079 W. Carroll Ave., 
Chicago 12, iil. 
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=F ULTRASONIC. 
: Ti CLEANING BULLETIN | 
48. 
1339 N. Elston Ave. 
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JUST (PRESS 


© CLAMPS, JAWS & BASE PLATE ARE ELIMINATED 
® NO CONVERSIONS OR CALCULATIONS 

* TEST ANY SIZE, SHAPE OR TYPE METAL 

NO SKILL REQUIRED 

© SCALE READINGS IN ROCKWELL & BRINELL 

© ACCURACY GUARANTEED 

Many thousands weed by industry and government. 
W rite, wire or call for additional details and prices. 


NEWAGE INDUSTRIES, INC. 


222 York R Jenkintown Pennsylvania 


TUrner some Dept. MP 
LIST NO 163 ON INFO-COUPON PAGE 186 


Wiretex 
engineers 
Baskets, Muffles, 
Screens, Fixtures, 
Grids, Racks, etc., 
to insure easier, sater, 
loading and unload- 
ing; greater space 
saving, better draining 


all styles, metals, weaves 
any size, quantity! 


for all your heat 
treating require- 
ments to resist 
acid, heot, abra- 
sion or exposure. 


mfg. co. 


and cleaning. 
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NFO.COuUP 


Specialists in Processing Carriers Since 1932. 


Bridgeport 5, Conn. 


GOOD USED EQUIPMENT AT 


REAL SAVINGS TO YOU! 
SACRIFICE BEFORE MOVING! 


Lindberg Cyclone Box-Type Tempering Furnace 


Model 243618 EH, electric heated for 1250° F. 
Recirculating type, with inside working dimensions 
24 in. wide by 36 in. deep by 18 in. high. Electrical 
characteristics, 220/440/60/3/27 kw. or convertible 
to gas. Complete with control panel, strip chart 
recording and controlling instrument, magnetic 
contactors, disconnect switch, thermocouple, etc. 


Also in stock for immediate delivery. New blowers, 
alloy trays and baskets, burners, solenoid valves, 
thermocouples, etc. 


Our stock is constantly Before you buy 
any furnace or accessory, call us collect and lei 
us show you how to save money! (Money-Back 
Guarantee.) We pledge that any unit we advertise 
is in stock at one of our warehouses at the original 
time of publication. However, they are subject to 
prior sale, so act now! 
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MARTINDALE 


METAL SAWS 


for fast, 
precision sawing, 
slotting, mica 
undercutting 

HIGH SPEED STEEL 
OR TUNGSTEN 
CARBIDE 


Milled, hardened and 
ground by skilled, expe- 
rienced craftsmen to ex- 
acting 
Available in %” to 4” O.D., complete range 
of thicknesses and tooth designs, “U” slot 
r “V” cutters. Get finest saw blade per- 
formance—lowest operating cost. 
Send for ~ CATALOG and prices 
other 


on these and maintenance, 
safety and production products. 


MARTINDALE ELECTRIC CO. 


1372 Hird Avenue 


Cleveland 7, Ohio 
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POWDERED METAL 
BOOKLET... 


Gives cost-cutting hints, including: 


@ illustrated description of Remet pow- 
dered metal process 

®@ Design DO’s and DON’T’s for pow- 
dered metal parts 

® Advantages and limitati 
process 


of Remet 
For your copy write to... 
METAL PRODUCTS 
Se R E E S CORPORATION 
537 Howard Ave. e Lancaster 12, Penna. 
Geors Pinions Coms © Ratchets © ‘‘Oilless’’ 
Bearings * Bushings © Machine and Structural 
Parts in COPPER * BRASS © IRON « ALLOY STEEL 
* NICKEL SILVER * COPPER INFILTRATED IRON 
LIST NO. 233 ON INFO-COUPON PAGE 186 


specifications. 


Wakeligni 
MAGNESIUM 


GANS, STRIPS 827" 

BA min.to7*, “mat 
SOLID SHAPES .022” min. to 
independen circle 
mill source TUBING ',” 0.D. te 6” 0.0. 
of magnesium HOLLOW SHAPES |,” tos: circle 


ae. PLATE & SHEET .092" to 3° thick 


HITE METAL 
ROLLING « STAMPING corp. 


82 Moultrie Street, Brooklyn 22, N.Y. 
Factories: Brooklyn, N.Y. @ Warsow, Ind. 
Los Angeles Warehouse: 6601 Telegraph Rd. 
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~ YOU HAVE AN IDEA... 


THAT SOME FUNCTIONAL 
METAL PART COULD BE 

MADE BETTER OR CHEAPER 
BY ALUMINUM EXTRUDING? 


Bring your idea to specialists in 

adapting aluminum extrusions 

to new functional ports applica- 

tions. G.E.1.’s engineers are 

ready to consult with you, with- 

out obligation, on one part or 
a million. 


GENERAL EXTRUSIONS, INC. 
4040 LAKE PARK RD., YOUNGSTOWN, OHIO 


Mill Representati ives at St. Lowis, Detroit, Pittsburgh. 
and 


onsuit your classified 
phone best under Aluminum Produc 
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How to Cut 
Pot Costs: 


Buy low-cost Eclipse pressed (not 
welded) steel pots . . . and replace 
them on a regular schedule. 
1 Lower initial cost 
2 Elimination of failures 
3 Faster, more even heating 
4 Quantity discounts earned on 
your total purchases in any 
12 month period. 
Guaranteed free from defects. Write: 
Eclipse Fuel Engineering Company 
1127 Buchenen St., Rockford, ill. 
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SUB-ZERO 


low temperature equipment 


—_ pane 1.5 and 6.5 cu. ft. capacities. 
e@ seasoning 
geuges Sturdy, all-steel cabinet con- 
© precision struction. Sublids for constant 
tools inside temperature. Adjust- 
@ laboratory able temperature controls. 
testing Special accessories available. 


For more information— 
Write to: 


Deerfield, Michigan 
Specialists in Trend-Setting Retrigeration 
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HIGH VACUUM 


laboratory or production .. . 


THIS 

HIGH VACUUM 
PORTABLE 
PUMPING 
STATION 


. . Is unequalled in quality 
and performance — and 
unmatched in price! 
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Regulate and control 
electric ovens 
and furnaces 

better, accurately, 

and efficiently with 


SORGEL 


Saturable Reactors 


Any amount of A.C. power from 1 Kva 
to 3000 Kva, single phase or 3-phase, at 
any voltage, can be controlled, regulated, 
and varied in stepless increments, with 
SORGEL Saturable Reactors. 

The control can be a small manually oper- 
ated hand wheel that can be placed in any 
desired location, or it can be automatically 
controlled, regulated and varied by a 
thermostat or any other instrument or 
device. 

SORGEL reactors are designed to meet 
your exact requirements. Let us know 
what your problems and requirements are, 
and we will submit our recommendations 
with complete information. 


Write for Bulletin 658. 


oa 


Also a complete line of 
dry-type transformers. 
All standard and intermediate ratings, 


% Kve to 10,000 Kva, 
120 to 15,000 volts. 


Sales Engineers in principal cities 
Consult the classified section of your tele- 
phone directory, under the heading “Trans- 
formers,” or communicate with our factory. 


Sorgel Electric Company 


834 W. National Ave., Milwaukee 4, Wis. 
Over 40 years of electrical manufacturing 
development 
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DUCTILE IRON PLATE 


A MARRIAGE OF THE PHYSICAL AND 
MECHANICAL PROPERTIES OF STEEL & IRON 


EASY TO MACHINE WILL FLAME CUT 
SUPERIOR WEAR CHARACTERISTICS 
EXCELLENT HARDENASBILITY 
DIMENSIONAL STABILITY 


YIELD POINT 
50,000 TO 90,000 PSI 
MODULUS OF ELASTICITY 
24,000,000 PSI 


DIES — SURFACE PLATES — BOLSTERS 
FLOOR PLATES — PLATENS — WORK TABLES 
FRAMES — BASES, ETC. 

1000 LBS. TO 20 TONS 


LINDGREN FOUNDRY CO. 
BATAVIA, ILLINOIS 


PHONE 1800 
LIST NO. 231 ON INFO-COUPON PAGE 186 


DOW 


BATCH 
FURNACES 


CONTROLLED 
ATMOSPHERE 
EQUIPMENT 
FOR EVERY 


APPLICATION 
STANDARD 
HEARTH SIZES 
20” Wide—30” Long 
24” Wide—36” Long 
30” Wide—48” Long 


tae ee ee ee 
LIST NO. 230 ON INFO-COUPON PAGE 186 


179 


— SSS 
| 
to 1 1 
140° 
for | 
i 
|: 
with tap changing transformer i 
| 
| 
HOW comes 
ms 
| 


HEVI-DUTY Tube Furnaces 


for 

Tensile and Creep 
Testing Machines 
© Assure stable, 

uniform heat in 

multiple zones. 
© Temperature 
ranges to 1850, 
Split tube furnace features 9996 or 2600° F. 


three zones of temperature 
control to 2200° F. 


Hevi-Duty Vertical tube furnaces 
feature multiple zone heating. Pre- 
cise temperature control is assured 
by use of stepless variable trans- 
former that regulates each heating 
zone. Units are available in split 
tube and solid tube designs, com- 


be and old ALDRIDGE 
INDUSTRIAL OILS, Inc. 


Bulletin 559 on 
vertical tube furnaces. 


oF ic} —| PRODUCTS CORPORATION 


LIST NO. 239 ON INFO-COUPON PAGE 186 SERI ES 80 5 5 PRES se 
THERMOCOUPLES COMBINATION MODEL Yle-QU ARTZ 


PROTECTION TUBES The Series 8055 is two electric heat treating 


the QUENZINE STORY 


Low priced, more readily available carbon 
steels can often replace alloy steels when 
quenched in Beacon 
Quenching Oils with 
QUENZINE added. 
Por information on 
this new additive and 
other Beacon Brand 
Heat Treating Com- 
pounds write to... 


3401 W. 140th St., Cleveland 11, Ohio 


LIST NO. 100 ON INFO-COUPON PAGE 186 


THERMOCOUPLE WIRES furnaces (hardening 2000 and 2300° F., and IMMERSI ON 
drawing 800 and 1250° F.) in the floor space HEATER 
LEAD WIRE of one furnace. Each furnace is independent- for 
ly controlled permitting hardening and draw- 
INSULATORS ing operations to be performed at the Your Every 
same time. All models are delivered with 


separate controls for each furnace. The 8055 : Heating Requirement 


PROMPT series is made in nine standard sizes . . . : « INSTANT HEATING 
SHIPMENT other models are made to your specifica- 3 
from STOCK tions. Furnaces operate on standard line it @ SHOCK-PROOF 
voltage . . . no transformer necessary. A = @ AVAILABLE IN ALL VOLTAGES 
hardening and preheating combination is —WAITTAGES, 
REQUEST also available. ONE AND THR 
HREE PHASE 


Write for a free cata of the entire Lucifer 
line. Engineering advice is offered without obli- 
gation. Write, wire or call . . . 


s. co wc. U CLRFER 


manufacturers since 1938 


Available from your 
and QUOTATION Ba! Electroplating Distributor 


WRITE FOR BULLETINE 


Gle-QUARTZ 


74 Winchester Street F U R N A Cc E Ss ' I N c = ELECTRIC HEATER CO., INC Ohi 
NEWTON HIGHLANDS 61, MASS. NESHAMINY 7, PENNA. » INC., Willoughby, Ohio 
Phone: Diamond 3-0411 *Reg. U.S. Pat. Off Phone: Willoughby 2-552) 


LIST NO. 31 ON INFO-COUPON PAGE 186 LIST NO. 122 ON INFO-COUPON PAGE 186 LIST NO 


145 ON INFO-COUPON PAGE 186 


hal 


As with stacking baskets, carburizing boxes and retorts of Cor-Wal 
construction, developed by Stanwood, furnace muffles of Cor-Wal bekic. 
construction are giving outstanding performance—a longer service To 


life—in actual use. Cor-Wal construction provides greater, long 4 J 
range resistance to thermal stresses and affords better load carrying e : 
factor. Several muffle designs are shown—others also available. ' Sy 
Send for literature. ; 
Z 
= SOD CORPORAT!©O 
aS 7 W. CORTLAND STREET GO 2%, 


LIST NO. 12 ON INFO-COUPON PAGE 185 
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METAL PROGRESS 


ont 
& 
f 
al 
| ASSURE LONGER SERVICE LIFE 


A PROVEN 
DEPENDABLE SOURCE 


FOR BETTER GRADE INVESTMENT 


CASTINGS IN FERROUS AND 
NON-FERROUS METALS 


INVAR 
CASTING 
Special Feature 
— Nickel content 
held to 35% min- 
imum — 36% 


maximum 
STAINLESS STEEL PART for milk 
bottling unit formerly machined 
from solid stock. 
Only finish oper- 
ations required 
ore reaming small 
dia. of counter- 
bored hole and 
drilling and tap- 
ping for set screw. 


LIST NO. 4 ON INFO COUPON PAGE 126 


WRITE, WIRE or PHONE 
FOR YOUR CATALOG 


screws have 
clean—bright—¢hiny—neads 


\Sran STAINLESS SCREW CoO. 
6 47 Union Bivd., Paterson 2,N. J. 


CORR 
Direct N.Y.'phone Wisconsin 7-6310 
Direct Phila. ‘phone WAlnut 5-3660 


LIST NO. 99 ON INFO-COUPON PAGE {86 


Telephone: CLifford 6-2300 


OL-100: 

TENSILE TEST BAR presses. 

MPA STANDARD 
10-51 


16580 Northville 


MULTI MOTION DIES’ .... 
FOR TEST SPECIMENS ... 


HALLER, INCORPORATED 


Tensile Bars 
Transverse Bars 
Green Strength 
Bushings 

Slugs 

Stepped Parts 


Complete design 
facilities for dies 
or subpress units 
to press unusual 
shapes in lab 


“PATENTS PENDING 


Rd., Northville, Mich. 


LIST NO. 149 ON INFO-COUPON PAGE /86 


PRINT-TO-PRODUCT SERVICE 


How many 
of these steps 
does your 
product need ? 


If you can use skills and 


j 
/ 


‘lose tol ses lik VA 
these, write for informa.  FORGINGS BY 


tion to Forge & Fittings 
Division, H. K. Porter Company, Inc., 
Cleveland 4, Ohio 


FROM A SINGLE SOURCE: 


FORGINGS . . . Hammer, Press, Upset 


MACHINING . Broaching, Milling, Turning, Driti- 
ing, Grindifig 


FINISHING . . . Heat Treating, Assembling, Paint- 
ing, Plating 


LIST NO. 232 ON INFO-COUPON PAGE 18% 
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ITE FORGE & FITTINGS DIVISION 
PORTER COMPANY INC. 


PORTER SERVES INDUSTRY with |? DIVISIONS including 
Thermotd Detta Star Electric National Electric Riverside Alloy Meta! 
Refractories, Connors Steel Vulcan Kidd Steel Forge ang Fittingr 
Desston, Leschen Wire Rope, Mouldings and H. K. Porter Company 


(Canada, Ltd. 


ECONOMY and 
PRECISION in 
POWDERED METAL 
PARTS by NORWALK 


LIST NO. 224 ON INFO-COUPON PAGE 1/86 
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° 
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° 
s 4 
H a? 
| 
| : 
| ENGINEERED QUALITY CONTROL 
MORGANVILL, 
Powdered Metol into Machine Parts” 
— NORWALK POWDERED METALS. INC. 


Problems 
with 


MAGNETIC ANALYSIS... 


MULTI-METHOD EQUIPMENT 


Electronic equipment for non-destructive 
production inspection of steel bars, wire 
rod, and tubing. Detects mechanical faults 
and variations in composition and physical 
properties. Average inspection speed — 120 
ft. per minute. 


LIST NO. 234 ON INFO-COUPON PAGE 186 


MULTI-FREQUENCY EQUIPMENT 


An eddy current tester with six inspection 
methods operating simultaneously — for high- 
speed, non-destructive testing of non-ferrous 
and non-magnetic tubing, bars and wire from 
1%” to 3” diameter. Detects both surface 
and sub-surface flaws, and variations in 
chemical, physical and metaliurgical prop- 
erties at speeds of 200 to 600 ft./min. 


Please Send for Stock List and Literature 


5309 Concord Avenue © Detroit 11, Michigan 
Phone WAinut 1-4462 


The 
HEAT RESISTING ALLOYS 


Ready When You Need Them 


330 William Street ¢ South River, New Jersey 
Phone Clifford 4-4616 


Electronic equipment for inspecting ferro- 
magnetic wire ropes from 1/32” to 3” 
diameter. Detects broken, cross-over or 
missing wires, plus defective welds and 
deformations at production speeds up to 
seve. al hundred feet per minute. 


COMPARATORS AND METAL TESTERS 


Electronic instruments for production sorting 
of both ferrous and non-ferrous materials 
and parts for variation in composition, 
Structure and thickness of sheet and 
plating. 


DEMAGNETIZERS 


Electrical equipment for rapid and efficient 
demagnetizing of steel bars and tubing. 
When used with Magnetic Analysis Multi- 
Method Equipment, inspection and demag- 
netizing can be done in a single operation. 


MAGNETISM DETECTORS 


Inexpensive pocket meters for indicating 
residual magnetism in ferrous materials 


MAGNETIC anatysis: 
42-44 Twelfth Leng Islend City 1, Y. 


IST NO. 51 ON INFO.COUPON PAGE 186 
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more 
reproducible 
results with 
ultra-pure 
graphite 
shapes 


for: 
METALLURGY 

JCTOR 
LABORATORY REACTIONS AND ANALYSES 


The properties of United's new ultra pure 
graphites make them exceptional for 
crucibles, boats, funnels and similar parts. 
United offers you both stock and custom 
graphite shapes carefully machined, then 
purified by the famous “F" Process (devel- 
oped by United, used by AEC). Your own 
processes are therefore more reliable, your 
results more reproducible. 

Our R & D and technical service staffs are 
ready to serve you and can meet your 
“crash” delivery schedules. Write Dept. F 
for full details! 


ust NO. 177 ON INFO-COUPON PAGE 186 


CARBON PRODUCTS CO. 


Reduce your assembly problems and costs. 
Our 1 


P formed, with high 
from ferrous or non- 
ferrous metals. Write for Catalog No. 1053. 


ROLL FORMED PRODUCTS CO. 


MAIN ANG PLANT 


3761 OAKWOOD AVE. * YOUNGSTOWN, OHIO 
LIST NO. 161} ON INFO-COUPON PAGE 186 


GET A BID FROM 


HOOVER 


SPECIALISTS IN THE FIELD OF 


Die Castings 
SINCE 1922 
Aluminum and Zinc 


THE HOOVER COMPANY 
Die Castings Division 
North Canton, Ohio 

in Caneda—Hamilton, Ontario 
LIST NO. 74 ON INFO-COUPON PAGE 186 
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fang 


LIST NO. 241 ON INFO-COUPON PAGE 186 


DO YOU KNOW 
How 
CLEAN 
1S 
CLEAN? 


BRANSON ULTRASONIC CORPORATION 
6 Brown House Rd., Stamford, Conn. 


METAL PARTS 
CLEANING“ 
PROBLEMS 


Get the answers RIGHT 
from RAMCO’S 
new BULLETIN! 


Send for your copy of 
the Ramco Bulletin. 
See how Ramco 2- and 
3-dip degreasers can 
solve your metal 
parts cleaning prob- 
lems, economically, 
efficiently, safely! 
Write today! 
AMCO EQUIPMENT CORP. 
DIV. OF RANDALL MFG. CO., INC. 


809 Edgewater Rd., New York 39, N.Y. 


LIST NO. 128 ON INFO-COUPON PAGE 186 


ULTRASONIC 
ATTENUATION 
COMPARATOR 


The Sperry Attenuation 
Comparator for the 

t of ultrasonic attenuation and velocity 
comprises a complete transmission, detection and 
display system. Fields of application include determina- 
tion of dynamic elastic moduli, investigation of 
mechanical deformation effects, evaluation of radiation 
damage, testing of ultrasonic transducers, networks 
and delay lines, and development of flaw detection 
and quality control techniques. 


SPECIFICATIONS 


Frequency Range: 1 - 200 mc 


Pulse Amplitude: Variable to 900 volts 
Pulse Width: Adjustable 0.5, 1 and 2 microseconds 
A 0.01 - 4db/ micro 


second 

Oscilloscope: integra! 5-inch cathode ray tube dis- 
play permitting simultaneous wewing of echo 
signals and exponential calibrator 

Sperry engineers are svariable ter 

for further intermation, write . 


< Sperry Products, Inc. 


Danbury, Connecticut 


LIST NO. 206 ON INFO-COUPON PAGE 186 


NEW pocket-size 
THICKNESS GAUGE 


For flat or 
curved 
surfaces 


$75,00 
B. Cleveland 


Measures Nonmagnetic 
the Coatings with 


ELCOMETER measures thickness of 
porcelain enamel, paints, platings, 
foils, glass, paper, plastics, and other 
nonmagnetic coatings quickly and 
accurately. Gauges flat or curved 
surfaces and hard-to-get-at spots 
easily. Needle locking device assures 
correct reading every time. Complete 
with leather case containing inner 
pocket for test strips. Weighs only 
6 oz. Completely self-contained. 


WRITE FOR ILLUSTRATED FOLDER 


FERRO CORPORATION 


4155 East 56th Street 
Cleveland 5, Ohio 


LIST NO. 148 ON INFO-COUPON PAGE 186 


TEC 
IcK 


7 


LIST NO. 237 ON INFO-COUPON PAGE 186 


METAL PROGRESS 


Our “combination. of quality 
products AND compatent service 


you a quirk 


Technic: 


Of Wour precioue metale 


ciectraplating problems. 


P.O.BOX 965 PROVIDENCE R.1. 


7001 NO. CLARK ST. CHICAGO 26 ILL. 
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the GENUINE 
BRINELL 


HARDNESS TESTING MACHINES 
made by the Alpha Co. of 
Sweden and available from 
our stock at New Rochelle 


Never approached in | 
ACCURACY AND 
CONSTANCY of = 


bration at 
standard 3000kg 
load .. . maximum 


error plus or minus 
ke 

Write tor Bulletin 
No. A-18 


GRIES INDUSTRIES, INC. 
Testing Machines Division. 
NEW ROCHELLE 3.N Y 


LIST NO. 135 ON INFO-COUPON PAGE 186 


15 Day FREE Trial 


Guarantees Satisfaction 


Model 955 determines the thickness 


of decorative and heav chromium, 
silver, tin, cadmium zinc, brass, copper, 
nickel, lead, and other metallic deposits 
on various base metals. 90-95%, 
accurate . Direct reading . 
simple operation. 


LIST NO. 215 ON INFO-COUPON PAGE i86 
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Control Temperatures 


haenery with Burling Differential Expansion Units 


Model ‘‘H-1S"" 


- Utmost accuracy. 


Ask for Bulletin 103-1. 
Model 


SAFETY LIMIT SWITCH . . . This Model H-1S is 
particularly well suited for use os high 
safety clerm or cut-out on all types of heating equip- 
ment. it is completely reliable, has FM approval, may 
be used up to 2000°F, and is very inexpensive. 


WRITE for BULLETIN 101. 


typicet Burling instruments. 


~ Best for con- 
trolling. Single or 
multiple switches. 
Weatherproof con- 
struction. Ask for 
Bulletin 107-1. 


Model 


Small size. Weather- 
proof or explosion proof. 


BuRunG InstRUMENT Co., INC. 


16 River Road, Chatham, N. J. 


LIST NO. 227 ON INFO-COUPON PAGE 186 


FAST e 


HIGH TEMPERATURE 
ALLOYS 


Crobaugh Laboratories uses new X-Ray 
‘ometer and conventional methods to get 
accuracy from 1 p.p.m. range to 100%. 


COMPLETE METALLURGICAL TESTING SERVICE FOR 


@ Hydrogen, Oxygen, Nitrogen Analysis 
@ Elevated Temperature Tensile and Stress 


Rupture 


ACCURATE 


Low Cost Analysis 


®@ Low ond High Temperature Impact 


@ X-Ray, Gamma-Ray Radiography 


Write for Complete Facilities Brochure 


THE FRANK L. CROBAUGH CO. 
Member + Americon Council of Independent Laboratories 
3800 Perkins Ave. + Cleveland 14,0. - UT 1-7320 
LIST NO. 210 ON INFO-COUPON PAGE 186 


Now find cracks, 
leaks, defects 
... quickly, easily! 


LYGLO 


Portable 


BLACK LIGHT Inspection 
Easy te in the shop 


¢ in the field 
FLUORESCENT PENETRANT INSPECTION 


“IDEAL FOR” 


© Low-volume pro- 
duction testing 


Maintenance and 
tool inspection 


© Reliable leak test 


—welded tanks 


Control Thickness and Profile of Foils 
and Films with NEW Pulsing Type 


SHEFFIELD MEASURAY GAGE 


Sheffield Measuvray Gage Model 25 PT continuously 
checks to “millionths” the thickness or profile of plastic 
filins, paper, foil or sheet metal as it leaves the mill rolls 
ot high speed. No contact between gage and material. 


Principal 
Features 
All-Electronic 
System assures THICKNESS 
high-speed READINGS 
Plastic sweet New, improved 
@ Narrow X-ray OF erat high Ww. LIGHT 
beam for materials. Pack- 
= ed in push-but- 0 
profiling ton spray cans. 0 
© Short pulsing sare 
of X-ray assures RAY 
extra safety , F.0.B. Chicago 


@ Modular construction facilitates 
quick, easy maintenance 


For Engineering Data Sheet No. 113-57, write to the 
Sheffield Corporation, Dayton 1, Ohio, U.S.A, Dept. 39, 
LIST NO. 236 ON INFO-COUPON PAGE 1/86 


MAGNAFLUX CORPORATION 
7328 West Ainslie Avenue 
Chicago 31, Illinois 


LIST NO. 198 ON INFO-COUPON PAGE 18 


METAL PROGRESS 


— 
PLATIN ESS?” 
THICKNESS TESTER 


KENTRON 


Applies 1 to 10,000 gram loads 
Write for Bulletin 
Kent Cliff Laboratories Div. 
The Torsion Balance Company 
CLIFTON NEW JERSEY 
LIST NO. 53 ON INFO-COUPON PAGE 186 


OPTO-METRIC TOOLS, iwc 


137m* VARICK STREET, NEW YORK 13. 


LIST NO. 162 ON INFO-COUPON PAGE 186 


You can read temperatures 


instantly with the 


Automatic, 


For flowing, moving or 
stationary objects 


SHAW INSTRUMENT CORPORATION 
P.O. Box M-46, Latrobe, Pennsylvania 


LIST NO. 205 ON INFO-COUPON PAGE 186 


two-color pyrometer 


direct-reading 


Send for new 
bulletin that 
ves detailed in- 
ormation on 
this unique in- 
strument. 


@ Now with TENSILKUT, whatever 
your testing methods or materials, you 
can have perfect precision machined 
physical test specimens in less than 
two minutes 
@ TENSILKUT precision machines all foil. film, sheet 
and plate metals . . . from .0005” foil to .500” plate. Hard 
001 stainless steel foil to soft 42” aluminum, soft plastic 
film 1 mil in thickness or the abrasive glass laminates 
in .500” plate, are machined with specimen configura- 
tions accurate to + 0005”. Machined edges are com- 
pletely free of cold working or heat distortion and 
require no hand finishing 
@ TENSILKUT table and floor models are available with 
motors from ‘2 to 242 h.p. Write for free brochure. 


SIEBURG INDUSTRIES 
Danbury Industrial Park, Danbury, Connecticut 
LIST NO. 13) ON INFO-COUPON PAGE 186 
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DERMITRON 
NON-DESTRUCTIVE 
COATING THICKNESS TESTER 


FAST... ACCURATE 
NON-DESTRUCTIVE 
DIRECT-READING 


@ Instantly measures the thickness 
of metailic and non-metallic coat- 
ings and films 

@ Based on eddy-current principles 

@ Enables measurements on small or 
otherwise inaccessible areas 


This portable instrument for both lab- 
eratory and production use, gives fast, 
accurate and direct readings of virtu- 
ally any coating on any base, including: 


@ Metal coatings (such as plating) on 
metal base (magnetic and non- 
magnetic) 

@ Non-metallic coatings (such as 
paint, anodizing, hard-coat,ceramic) 
on metal base 

@ Metal films (such as vacuum met- 
alizing) on non-metallic base (pias- 
tics, ceramics) 

Write for latest bulletins and ques- 


tionnaire to help solve your thickness 
testing problems 


UNIT PROCESS 


ASSEMBLIES, INC. 


LIST NO. 139 ON INFO-C¢ 


JUPON PAGE 186 


Wilson “Rockwell” 
TWINTESTER 


e Measures both “Rockwell” and 
“Rockwell” Superficial hardness 
on B, C, N, T and other scales 
e Easy to operate—change from 
“Rockwell” to “Rockwell” super- 
ficial testing in seconds 

e Large direct-reading dial with 
one zero set position for all scales 
e Complete equipment includes 
cowl, ball penetrator for B and 
T scale, ‘““Rockwell’’ test blocks, 
anvils, dust cover, and protective 
sleeve set 

e Complete line of accessories 
available 


Werle to Dept. DU. Ask for Bulletin TT-59 


WILSON "ROCKWELL 
HARDNESS TESTERS 


Wilson Mechanical Agco 
Instrument Division 


American Chain & Cable 
Company, Inc. ail 
230-F Park Avenue, New York 17, N.Y. == 


LIST NO. 209 ON INFO-COUPON PAGE 186 
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| 
| Wi ‘namh NEW DUPLEX 
tor all NORMAL 
AND SUPERFICIAL ae 
| priced machine. 
| & Major loads of 
| 30 and 15 kg 4 
: 
| 
= 


revolutionary * low cost 


acc 


urate 
readings corresponding 
to Vickers within a few 


e@ ideally suited for on 
the job production work 


eeliminates a micto 
scope, conversion charts, 
complicated tables 


efor raped and accurate 


cheching of surface layers 
thin sheets. flat springs, 
instrument parts, wire 


punches, et 
@ can be obtained in | kg 
or 2 kg loads penetrating 
222 YORK ROAD 
as inttie as 0000/9" oF 


JENKINTOWN 5. PA. 
TUrner 4-8494 


Write, wire or call for full details 


00016" respectively 


LIST NO. 207 ON INFO-COUPON BELOW 


HARDNESS TESTING 
SHORE SCLEROSCOPE 


Pioneer American 
Standard Since 
1907 


Available in Model C-2 
(illustrated), or Model 
D dial indicating with 

Brinell & 
C Hardness 
May be used 


freehand or mounted on 


equivalent 
Rockwell 
Numbers. 


bench clamp. 


OVER 40,000 
IN USE 


SHORE INSTRUMENT & MFG. CO., INC. 
90-35M Van Wyck Exp., Jamaica 35, N.Y. 


LIST NO. 133 ON INFO-COUPON BELOW 


SCALING DURING | 


TREATMENT! 


“C-R" COATINGS 


Markal 


HEAT-PROOF § 
COATING 


MARKAL "“C-R” COATINGS will protect a 
wide range of metals at temperatures up to 
2100° F. against carburizing, corrosion, scaling 
and the like. Coatings are easily applied, easily 


removed after treating. 


WRITE ON LETTERHEAD FOR complete 
Coating information. 


ROUND, SQUARE, FLAT AND 
HALF-ROUND WIRE FOR MASS 
| PRODUCTION OF SMALL PARTS 
Beryllium Copper  Bronzes 

Other Non-ferrous Alloys 


Rounded or square edges. 

Available with hot-tinned 
finish for solderability. 

Write for descriptive folder. 


LITTLE FALLS. ALLOYS 


193 Caldwell Ave., Paterson 1, N. J. 


LIST NO. 66 ON INFO-COUPON BELOW 


Mark any parts while cold, 
identify them after heat treating 
regardless of te mperatures and oil 
or water quenchings. Use “*M" 4 
to 1600° F., “*M-10" up to 2400 


WRITE ON LETTERHEAD FOR complete 
Paintstik information. 


MARKAL COMPANY 
3118 West Carroll Ave. Chicago 12, ili 


LIST NO. 217 ON INFO-COUPON TO LEFT 


N INF UPON BE WwW 
j 
cy. 
Bi | READERS' INFO-COUPON SERVICE, 
| MORE THAN 50,000 


; Metals Park, Novelty, OFio 

| Please send ‘further information on the ad- | 

| vertisements in the Bulletin Board with num- | 

| bers | have listed below— | 

| (Bulletin Board Item Number) | 

| 

| 

| Your Nome 
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| Company 
| | Street | 
| 

City | 
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METALLOGRAPHIC SAMPLES 
POLISHED DAILY WITH 


DISA-ELECTROPOL 


EXCLUSIVE “DISA” FEATURES 

@ Quick and convenient exchange of electro- 
lytes 

+o "On the spot" polishing of large objects by 
"“Movipol" attachment 

@ Components for external etching with every 
"Disa" 

For compiecte information on this and other metal- 

lographic specimen preparation apparatus write or 


WILLIAM J. HACKER & CO., INC. 


P.O. Box 646, W. Caldwel!, N.J. Tel. Capital 6-8450 


LIST NO. 219 ON INFO-COUPON TO LEFT 


QUEOUS SYSTEM 


Eliminates RUST 
& 


Fire Hazards 
Non-Flammable 
Non-Toxic 


Send for Brochure: 
The ABC of Rust-Lick 
for Rust Prevention 


RUST-LICK, INCORPORATED 
755 BOYLSTON STREET 
BOSTON 16, MASS 


LIST NO. 105 ON INF( 
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| MARKAL COMPANY 3118 west corrott Avenue Chicago 12, Illinois 


Big Paul digs and dumps 
105 tons in 50 seconds! 


“T-1" and TRI-TEN Steels 
cut dead weight—boost strength 


Even from a 100-foot-high perch, the mam- 
moth size of the bucket of Big Paul, the King 
of Spades, is hard to comprehend. 


There are three of these 70-yard giants— 
all built by Marion Power Shovel Company. 
All achieve strength and toughness with least 
weight by the use of USS ““T-1"’ Construc- 
tional Alloy Steel and USS Tri-Ten High- 
Strength Low-Alloy Steel. 


Big Paul sets the pace at the Peabody Coal 
Company’s River King mine near Freeburg, 
Illinois. It rams through rock and shale to 
uncover some two million tons of coal per 
year. 


Since 1950, the art of big shovel making 
has increased dipper size from 35 to 45, 55, 
60, and now 70 cubic yards per bite. Most 
of the buckets and dipper sticks of these 
giant shovels are made of USS “T-1”" Steel, 
for otherwise, it would be almost impossible 
to make them light enough and tough enough. 
They hold up in this service, taking terrific 
impact abrasion and shock loading, even in 
the dead of winter. This is possible because 
USS “T-1” Steel retains its toughness at 
temperatures far below zero. 


Dipper Size Increased 25% 


USS “*T-1” Steel has often enabled a boost 
in the capacity of original equipment without 
increasing weight. For example, a 20-yard 
bucket was replaced with a 24-yard ““T-1" 
Steel job. Other dippers were boosted from 
26 yards to 32, and 36 yards to 45— increases 
of 25%. 

Many other parts—dipper stick, bail han- 
dles and crowd rack—are built stronger and 
lighter with this 90,000 psi minimum yield 
strength constructional alloy steel. (USS 
“T-1" Steel plates up to 2’ inches thick 
inclusive are now available with a minimum 
yield strength of 100,000 psi.) 


The booms and A-frames of most shovels 
over 45 yards are designed with high- 
strength low-alloy steels with 50,000 mini- 
mum yield point . . . usually USS Tri-TEN 
Steel. 


Perhaps you need a steel that offers higher 
yield strength, extraordinary toughness and 
resistance to impact abrasion, combined with 
relative ease of fabrication. USS ““T-1"’ Steel 
is your answer, and we'll gladly help you 
adapt it to your application. For free booklet, 
write United States Steel, 525 William Penn 
Place, Pittsburgh 30, Pennsylvania 

USS, “T-1" and TRI-TEN are registered trademarks 


70-yard dipper and handle, crowd rack, bail and sheave blocks — 
all built stronger and lighter with USS “T-1" Steel 


United States Stee! Corporation — Pittsburgh 
Columbia-Geneva Stee! - San Francisco 
Tennessee Coal & tron - Fairfield, Alabama 
United States Stee! Supply - Steel Service Centers 
United States Steel Export Company 


United States Steel 


a 
Fal 
| 
in, 


Navy 
goes fission 
again 


On this vertical boring mill at U. S. Steel’s 
Homestead Plant, you see a forged steel flange 
that will serve aboard one of the Navy’s new 
guided missile frigates. These are an entirely 
new class of naval vessel—their primary mis- 
sion is the destruction of air targets and they 
are nuclear-powered. 


The flange will be welded to other forged 
steel parts to form a sealed nuclear reactor 
vessel. Only a forging of the very best quality 
is suitable for this critical service. To obtain 
this quality, vacuum-cast electric furnace steel 
was used. The flange was carefully forged from 
a Ni-Cr-Mo alloy ingot about 72” in diameter 
and was heat treated to meet rigid specification 
requirements. Mechanical tests as well as mag- 
netic particle and sonic inspection methods 
were utilized to assure a quality product. As 
shipped, the flange weighed over 211% tons. 

Many nuclear forgings like this one are made 
by U.S. Steel because here, the complete pro- 
duction is supervised and controlled by a team 
of forging experts. They melt the steel, pour 
the ingot, forge, heat treat and machine it. The 
very same team of USS Forging experts who 
made this flange will fill your order. We wel- 
come your inquiries or requests for our free 
8-page booklet about USS Nuclear Forgings. 
Write to United States Steel, 525 William 
Penn Place, Room 6031, Pittsburgh 30, Pa. 


USS is a registered trademark 


United States Stee! Corporation — Pittsburgh 
Columbia-Geneva Stee! — San Francisco 
Tennessee Coal & iron — Fairfield, Alabama 
United States Stee! Export Company 
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The side and end walls of this annealing fur- 
nace in a mid-Western steel foundry are built 
of 42” block insulation and 9” of A. P. Green's 
“Kast-o-lite,” a castable bonded with LUMNITE 
cement. The roof arch contains 9” of “Kast-o- 
lite,” covered with 2” of A. P. Green's Castable 
Block Mix. The door lining and car top are also 
built with A. P. Green castables. 


Insulating 
improves furnace Insulating refractory concrete, made with LUMNITE calcium-alu- 


. minate cement, is being specified for complete linings and car tops 
operation in many types of industrial furnaces. It provides lightweight mono- 
lithic construction that trims fuel costs, reduces heat loss and 

increases furnace efficiency. 

By reducing heat loss and heat storage, insulating refractory con- 
ie crete linings help shorten heating-cooling periods. Closer tempera- 
ture control is possible. And the smooth, jointless castable surface 
will also reduce air infiltration, providing economical furnace 
operation. 

Insulating refractory concrete is easily cast in place, using simple 
forms. It reaches service strength in 24 hours. For extra conven- 
ience, insulating refractory castables, bonded with LUMNITE 
cement, are available from leading manufacturers of refractories. 
These are packaged mixtures, ready to use with just the addition 
of water. 

For more information, write Universal Atlas Cement, 100 Park 
Avenue, New York 17, N. Y. 


L-190 “USS,” and ‘‘Lumnite" are registered trademarks 


Universal Atlas Cement 
Division of 
United States Steel 


OFFICES: Albany . Birmingham . Boston . Chicago . Dayton. Kansas City . Milwaukee . Minneapolis . New York . Philadelphia. Pittsburgh. St. Louis. Waco 
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BASKETS 
MEANS 
ACCOLOY—~ 


THE TRADEMARK OF LEADERSHIP 
IN HEAT AND CORROSION 
RESISTANT ALLOY CASTINGS 


HEAT RESISTANT CASTINGS 


G3 cxves Bottor Service 


on HIGH TEMPERATURE TOOLING 


“Custom Engineered” PRODUCTS FOR ALL HEAT 


TREATING and OTHER HIGH TEMPERATURE OPERATIONS 
ENGINEERING MAKES THE DIFFERENCE 


The examples shown—and hundreds of others—have all given su- 
perior service. High integrity products are assured by component 
design, by use of proprietary casting technology, and in preferred 
utility is assured by our unequa ckground on high temperature 
mechanisms and in heat treating processes. * 

Contact our Representatives—or see us at the Metal Show 


1700 W. WASHINGTON, CHAMPAIGN, | 


ENGINEERS AND PRODUCERS OF HEAT AND CORROSION RESISTANT CASTINGS 
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J STAINLESS TELEPHONE FLEETWOOD 6.2548 
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the Metals Division, 5000 Ib of alloy is poured 
‘in this high vacuum induction furnace—the largest 
in the world. Exact alloy properties can be obtained 
in heat-after-heat with laboratory consistency 


| 


‘ore 


Are you after highest 
alloy properties in 
heat-after-heat? 


100 per cent alloy composition control 
assured by vacuum induction melting 


Highly reactive elements enhance high-tem- 
perature alloy properties. Today, only one 
production metal refining process can effec- 
tively control the action of these elements, 
and—heat-after-heat—meet the most exact- 


ing alloy specifications. 


The process is vacuum induction melting, 
and the only specialist in this process is the 
Metals Division, Kelsey-Hayes Company. 

In a specially designed plant which con- 
tains seven vacuum induction furnaces with 
a monthly capacity of | million Ib, the Metals 
Division produces over 50 alloys for critical 
high-temperature, high-stress applications 
such as aircraft gas turbine buckets and 
wheels, missile and nuclear components. 
Alloys like Upimer 500 and 700 were de- 
veloped by Metals Division. The Division is 
the leading producer of vacuum induction 


melted Waspaloy, M-252, and other alloys. 


For information on how Metals Division 
vacuum induction melting facilities and tech- 
nical experience can meet your superalloy re- 
quirements, write Dept. 10, Metals Division, 
Kelsey-Hayes Company, New Hartford, N.Y. 


METALS DIVISION 


KELSEY-HAYES COMPANY 


NEW HARTFORD, NEW YORK 
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hermostatic 
Bimetal 


AGTUATES ANOTHER 
PRECISION 
PRODUCT... 


THE 


ROAST 
CONTROL 


A product of King-Seeley Division, King-Seeley Corporation, Ann Arbor, Michigan 
The King-Seeley Roast Control was introduced on 1959 Westinghouse 
ranges as their ‘Serv-Temp Roast Guard” with the slogan ‘Never 
again a ruined roast.” It controls inside meat temperatures so that 
when the roast is done — rare, medium or well done — as you like it, 
the oven heat is brought down to inside meat temperature holding the 
roast, juicy, flavorful, oven hot, for hours if necessary regardless of 
how long a dinner may have to be delayed. Three elements of Chace 
Thermostatic Bimetal are used. The indicator bimetal accurately shows 
| inside meat temperature and starts the control function anticipating the 
| desired degree of doneness. The responder bimetal uses this informa- 
| tion to control the oven thermostat. The voltage regulator bimetal pro- 
vides a constant voltage supply to the system. 


Triple responsibility is evident here —and all dependent on those 
three small bits of Chace Thermostatic Bimetal. The manufacturers of 
appliances to whom King-Seeley sells have a vast responsibility to 
millions of customers all over the world. They must not permit their 
products to misfunction or malfunction, regardless of abuse or lack of 
attention. King-Seeley has a fine old-reputation to maintain as a major 
supplier of dependable controls and indicators. Chace produces the 
critical bits of metal on which the two may safely base their claims as 
leaders in their fields. It’s natural that such buyers go where history 
indicates they’ll get the finest precision bimetal available — where a 
third of a century of production and development experience back up 
every fraction of an ounce. 


While your new temperature actuated device is in the preliminary de- 
sign stage, send for our booklet, “Successful Applications of Chace 
Thermostatic Bimetal.” It’s full of design engineering data with illus- 
trated examples of uses of bimetal. Remember, too, that our precision 
product is available in strips, coils or completely fabricated elements 
of your design. 


WwW. M. CHACE co. 
Theunortalic 


Properties of 
Cr-Mn-N Steels 


Di of “The Tensile and 
Yield Strength of Cr-Mn-N 
by J. C. Pe, F 4 W. Schaller, 
and V. F kay, 8 Preprint 
No. 162, 1959. 


HE EXTENSIVE cryogenic applica- 

tions of metals in the past decade 
have resulted in considerable inter- 
est in the properties of pure metals 
and alloys at low temperatures. Aus- 
tenitic structure and high strengths 
of the Cr-Mn-N steels have made 
them attractive for these possible 
applications. This paper presents 
the results of an investigation of the 
influence of nitrogen content and 
testing temperature upon the tensile 
properties of Cr-Mn-N steels. 

Six steels were tested. The com- 
positions were effectively constant 
with respect to substitutional solute 
elements and carbon. Nitrogen con- 
tent varied from 0.06 to 0.49%. Hot 
worked bars were solution treated at 
2000° F. and water quenched. Mar- 
tensite content was determined after 
water quenching, after cooling to 
test temperature, and after fracture. 
Tensile tests were conducted at the 
following temperatures: —3820, 
—256, —109, 73 and 212° F. 

Typical test results from this in- 
vestigation are represented in Fig. 1. 
The increase in strength of these al- 
loys at the low temperature was ac- 
companied by significant decrease 
of elongation and reduction in area. 
Extent of this ductility loss increases 
with increasing nitrogen content. 

No appreciable amount of thermal 
martensite was found except in the 
0.06% N steels which contained 9% 
after water quenching and 20% after 
cooling to —196° F. The amount 
of strain-induced martensite varied 
with nitrogen content and testing 
temperature in the following way: 

1. In the range of 0.06 to 0.09%, 
the amount of strain-induced mar- 
tensite formed (=~ 90%) was essen- 
tially independent of nitrogen con- 
tent and testing temperature (below 
room temperature). 

2. With higher nitrogen contents 
the amount of martensite formed at 
any temperature decreased to a value 
of < 5% at 0.49% N. At ary given 
nitrogen content, testing at —109° 
F. was found to produce the greatest 
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Using this microphotometer, Jessop can detect and measure the 
per cent of even trace elements in a sample of specialty steel. 


“How Jessop reads your specialty steels!’’ 


—C. M. Carlisle, DIRECTOR OF ANALYTICAL CHEMISTRY 


“If you’re ever near the Jessop plant, stop in and ask for a tour 
through our chemical laboratories. 


“There you'll see how Jessop makes certain you get the exact per 
cent of alloying elements specified for your specialty steel. 


“For example, you'll see a microphotometer — that’s what I’m peer- 
ing at so intently in the above photograph! 


“I’m studying a film showing the spectrum of a sample of steel from 
Jessop’s No. 2 electric arc furnace. Each chemical element in this 
specialty steel appears as a distinct line. By reading these lines, I can 
detect even minute traces of elements and after some simple calcula- 
tions, determine the per cent of each.” 


This modern chemical laboratory is one more reason why you get your 
specialty steel tailor-made to your order . . . and you get it on time. 
pecify Jessop . . . and then relax! 


VMA 


Subsidiary Companies: 


STEEL COMPANY 
Washington, Pennsylvania 


Green River Steel Corp i Owensboro, Kentucky @ Jessop Steel International Corporation, New York City 
Jessop Steel of Canada, Lid., Wallaceburg. Ontario @ Steel Warehousing Corporation, Chicago, Ill. 


Stainiess, alloy, tool, cast-to-shape, and forging steels, precision ground flat stock, and other specialty steels 


Cr-Mn-N Steels . . . 


amount of strain-induced martensite. 

The authors have interpreted their 
results in terms of two effects asso- 
ciated with the dissolved nitrogen. 
With increasing nitrogen content 
above 0.09%, the strength properties 
show a related increase, particularly 
at low temperatures. This is cred- 
ited to interstitial solution hardening 
since a simultaneous decrease in the 
amount of strain-induced martensite 


Ultimate Tensile Strength, 1000 Psi. 
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Yield Strength (0.2%), 1000 Psi. 


If you... 


Phone now... 


and 


inert gas recovery-purifica- 
tion application with an LM 
engineer. Each day's delay 
costs you $100 for every 100 
cylinders /month of helium or 
argon now escaping. 


Inert Gas weld 

Heat treat or melt sensitive materials 

Grow semiconductor single crystals 
Manipulate and fabricate exotic materials 
in glove boxes 

Helium leak test 

Require ultra-high purity helium for a 
nuclear reactor power cycle fluid 

Desire — for any application — an inert 
gas (A, He, N.) with less than 1 ppm. total 
active gas impurity 


discuss your specific 


LIQUID METALS 


INCORPORATED 


BOX 1266 * WESTFORD, MASS. * MYrtle 2-8032 


N 


100° 


01 02 03 04 0.5 
Nitrogen Content, % 


Fig. 1—Mechanical Properties of 
Cr-Mr-N Steels With Varying Nitro- 
gen at Several Test Temperatures 


° 


was observed. The reversal in the 
strength properties at nitrogen con- 
tents below 0.09% is credited to the 
strengthening effect of thermal mar- 
tensite present, and the large amount 
of strain-induced martensite formed 
in these steels compared to those 
with higher nitrogen contents. 
Despite the very attractive strength 
values obtained in these Cr-Mn-N 
steels at low temperatures, the asso- 
ciated drop in both elongation and 
reduction of area makes them gen- 
erally unsuitable for cryogenic ap- 
plications. R. UpTHEGROVE 


Hydrogen in Titanium 


Digest of “Anomalous Effect 
of Hydrogen on the Mechanical 
Properties of Ti-8 Mn Alloy”, 
by A. H. Fleitman, @ Preprint 
No. 144, 1959. 


HIS INVESTIGATION under- 

taken to study the effect of hydro- 
gen concentrations up to 450 ppm. 
on embrittlement of 8 Mn titanium 
alloy using different types of slow 
strain mechanical tests. Hot rolled, 
annealed and pickled sheet, 1/16 in. 
thick, was obtained from three dif- 
ferent manufacturers. Specimens 
were tested in each condition: 

1. As received. 

2. After helium anneal at 1200° F. 
for 24 hr. 

3. After vacuum anneal at 1200° 
F. for 24 hr. (hydrogen less than 30 
ppm.) 

4, Hydrogenized at each of four 
levels, 150, 225, 300 and 450 ppm. 
hydrogen, and held at 1200° F. for 
24 hr. 

Mechanical properties were deter- 
mined at room temperature using 
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Now you can deep draw and bend 
molybdenum sheet at room temperature! 


... With General Electric’s new High- 


Ductility (HD) Molybdenum Sheet 


04mm 


3 


ERICKSON CUP TEST on 0.060” sheet demonstrates high ductility of new 
G-E“HD” Moly Sheet. Both test samples of molybdenum were at room 
temperature. Depth of the draw was increased by 1 millimeter at each 
progression. The ordinary moly sheet (at bottom) “exploded"’ at 6mm 
depth—while the new G-E “HD” sheet showed no evidence of a fissure 
until 94mm. Note the reduced tendency of the “‘HD”’ sheet to explode. 
And there's less tendency, also, to delaminate on punching, stamping 
and shearing than with ordinary commercial grades of molybdenum. 


DRAW IT! FORM IT! PUNCH IT!—all without preheating! 
General Electric's new “HD” Moly Sheet can take it—and 
you can do all these operations in thicknesses previously im- 
possible . . . or requiring up to 1000°F preheating. Even in 
cases where small amounts of heat may be needed, it's 
always less than with ordinary molybdenum sheet. 


TIME SAVER, MONEY SAVER! The improved ductility of 
General Electric's new “HD” Molybdenum Sheet is of 
particular significance in sheet thicknesses of 0.020” to 
0.125”—as used in electronic tubes and semiconductor 


ORDINARY 


diodes, rectifiers and similar products. It has a high melting 
point (2622°C, 4752°F), low vapor pressure, and excellent 
strength at elevated temperatures. So it will be of great value 
to any company using refractory metals. 


PLAN ON G-E “HD” SHEET Available in commercial quan- 
tities, so there's no better time than right now to get all the 
facts about this new kind of molybdenum. Write: General 
Electric Co., Lamp Metals and Components Dept. MP-10, 
21800 Tungsten Road, Cleveland 17, Ohio. 


BENDS WITHOUT CRACKING... 
EVEN WITH NO PREHEATING! 


Ordinary 0.060” thick molybdenum broke 
at a 20° bend (see photo at left). The 
G-E “HD” sheet of same thickness shows 
no sign of cracking at 90°. Actually this new 
G-E Moly Sheet is so ductile you can bend 
it up to 180° without damage! 


Progress /s Our Most Important Product 


GENERAL ELECTRIC 
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No doubt about it... 
Reliability is a most important 


characteristic of KENNAMETAL" 


Exceptional characteristics of Kennametal have solved varied prob- 
lems in many fields. But one of the most important contributions 
made by Kennametal to any project is reliable performance. . . 
delivering the expected service and life under given conditions. 
That’s why Kennametal is used more and more where it is found 
or feared that other materials just aren’t good enough. 


Will these dependable characteristics of KENNAMETAL 
hard carbide alloys help solve some of your problems? 


DEPENDABLE resistance to wear and impact 
. that provides long-lasting cutting tools for 
the mining, metalworking and woodworking 
industries. (Kennametal often wears up to 
100 times i than the hardest steel.) 


DEPENDABLE resistance to 
abrasion .. . for such com- 
ponent parts as spray nozzles, 
orifices, seal rings, bushings, 
pulverizing hammers, draw- 
ing and compacting dies, non- 
lubricated guides and various 
gripping jaw applications. 


DEPENDABLE resistance to 
corrosion, cavitation and wear 
Vital to valving in oil well 
operations, hydraulic sys- 
tems, parts for chemical 
Processing equipment ex- 
posed to strong mineral acids, 
red fuming nitric acid and sim- 
ilar highly corrosive agents. 


DEPENDABLE strength at 
high temperatures... needed 
for gas turbine components, 
sensing elements for jet 
stream thermostatic controls, 
parts to handie or process 
giass in semi-plastic state, 
flame burner tips, hot rod 
mill guides, tip wear rings for 
scarfing torches. (Kentani- 
um*,a series of hard titanium 
carbide alloys, retains high 
strength for continuous oper- 
ation at temperatures up to 
2200°F and provides high 
stiffness/weight ratio.) 


DEPENDABLE resistance to deformation . . . 
required by spindies for precision grinding, 
grooving blades, boring bars, compressor 
cylinder liners and components for high pres- 
sure valves. (Kennametal has a YME up to 94 
million psi, 3 times that of hardest steel.) 


*Trademark 97227 


For more information, send for: 
Booklet B-111A, “Characteristics 


of Kennametal,"’ Booklet B-222, 
“Designing with Kennametal,” 
Booklet B-444A, “‘Kentanium.” 


és. Progress Write to KENNAMETAL INC., 
ae Department MP, Latrobe, Pa. 


Hydrogen in Ti... 


notched and unnotched slow tensile 
tests, notched and unnotched tensile 
stress-rupture up to 1000 hr., and 
prestrained and aged unnotched 
tensile tests. The latter were per- 
formed on vacuum-annealed mate- 
rial containing 300 ppm. hydrogen. 

To hydrogenate, test samples were 
heated to 1300° F. in vacuum. After 
adding a measured quantity of hy- 
drogen, the samples were homogen- 
ized at 1300° F. for 4 hr. and held 
an additional 24 hr. at 1200° F. 
Hydrogen uniformly was good as in- 
dicated by hot vacuum extraction 
analysis, with values being within 10 
ppm. of the intended levels of 150, 
225 and 300 ppm. 

No apparent brittleness (as indi- 
cated by elongation or reduction in 
area) was found in unnotched tensile 
specimens from any of the three ven- 
dors in specimens containing up to 
450 ppm. hydrogen. Notched speci- 
mens showed a very slight increase 
in tensile strength with increasing 
hydrogen content. There was no in- 
dication of brittleness. 

No brittle fractures occurred in 
any of the unnotched stress-rupture 
specimens containing up to 300 
ppm. hydrogen, and the stress for 
rupture in 1000 hr. showed no de- 
crease with increasing hydrogen con- 
tent, all the hydrogenized specimens 
having ductilities comparable to the 
vacuum-amnealed condition. The 
rupture stress in 1000 hr. for notched 
specimens generally showed a slight 
decrease with increasing hydrogen. 

Unnotched tensile blanks in the 
vacuum-annealed condition and with 
300 ppm. hydrogen were prestrained 
5% in tension at room temperature, 
aged at 500° F. for 48 hr. and pulled 
in slow tension at room temperature. 
Strain rates of 0.025 and 0.0025 in. 
per min. were used. Data did not 
indicate hydrogen embrittlement. 

The paper is in apparent disagree- 
ment with previous publications by 
R. I. Jaffee and co-workers at Bat- 
telle Memorial Institute which pre- 
sented data indicating severe em- 
brittlement in 8 Mn titanium alloy 
with hydrogen as low as 200 to 250 
ppm. The Battelle work was carried 
out on subsize round tensile speci- 
mens, % in. diameter and % in. gage 
length, and the material was hydro- 
genized before fabrication was com- 
pleted. In contrast, this research 
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Little Rock: Terminal Warehouse 
Co., 500 E. Markham St. 


Denver: Mine & Smelter 
Supoly Co... 0., Race St. 


120 W. Main 


CONNECTICUT 
West Hartford Ly A Christian KANSAS 
Petersen & So 

26 Brook St., P. ° ‘Box 247 306 W. 
FLORIDA KENTUCKY 


4th Ct., Box 967 
L.R. Station 
Tampa: Food Equipment & 
Supply Co., Inc., 1809 Second 
Ave., P.O. Box 422 
GEORGIA 


LOUISIANA 


Allied Chemical Corp., 

127 Peachtree Street, N. E. 
Macon: The Anderson Chemical 

Co., Inc., 1620 Waterville 


Savannah: Thomas’ Bonded 
Warehouse, Louisville Rd., 


MARYLAND 


430 Merchandise Mart Plaza 
| 


Terminal & Storage, Inc., 

6th Avenue at 

Mississippi River 
Springfield: Industrial Chemical 

Supply Co., 230 No, 15th St. 


100 N. 4th St., 
P.O. 
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(Cedar Rapids: 


+ Robbins, Inc., 
Thompson- Hayward Chemical 900 ond 
Co.. 3100 W. 65th St. Dee Moines iblue Line Storage 
COLORADO , 226 Elm 


P.O Sioux City: 
Robbins, Inc., 304 Pearl St. 


Wichita: Reid Supply Co., 
nd St. 


Griftin Shemical 

28 Franklin St 

Paducah Preston Chemical (o., 
933 South Tenth St. 


_Jacksoorille: D. W. Anderson, Henderson: P. B. & 8. 
615 E. Bay St. Chemical Co., 
P.O. Box 1346 1100 N. Adam 
Miami: Columbia Chemical 
& Supply Co., 7430 N.E. Co., 


New Orleans: Joseph Jurisich 
Warehouse, 33% No. Peters St. 
Sam Reisfeld & Son, 

Atlanta: Nitrogen Division, 649 So. Galvez St. 

Shreveport: Thompson- Hayward 
Chemical Co., 219 


Portland: Acme Engineering 
Rd., P.O. Box 1424 Co., 46 Market 5 


Baltimore: Leidy Chemicals 


P.O. Box 2009 Corp., 920 8. Eutaw St. 
ILLINOIS MASSACHUSETTS 
Chicago: Nitrogen Division, Attleboro: Reynolds & 
Allied Chemical Corp., Markman, Ine., 


Holliston: Northeastern Ammonis 
Company, 432 Norfolk &t 


Supply Mald Barrett Div. 
53 W. Jackson Blvd. 
Rock Island: Mid-Continent 3 


378 Commercial St 
Peabody: Hamblet and Hayes Co. 
Springfield: The Chemical 
Corp., 54 Waltham Ave. 
West Springfield 


Chemical Co., 
INDIANA Ave., P.O. Box 173 


Columbus: P B & 8 Chemical Worcester: Brewer & Company, 
Co., 1703 Keller Ave. Inc., Ind. Chem, Div., 
Indi lis: Wm. 45 Arctic St. 
Chemical Co., ws Chemical Sales & Service Co., 
121-131 N. Davidson St. Inc., 45-61 Fremont St. 
McKesson & Div., 


Chemical Corp., 

1200 Zug Island Rd. 

Raton Chemical & Dyestuff 
1490 Franklin St. 


BASIC TO 
AMERICA’S 
PROGRESS 


Check the map to find your nearest distributor of 
BARRETT’ BRAND AMMONIA 
Order from any of these Allied distributors 


MINNESOTA 
Duluth: Northern Colu Storage 
& Warehouse Co. 
St. Paul: Lyon Chemicals, Inc., 
2305 Hampden Ave. 


Jackson: Ricks Co., 
126 Ricks St. 


MISSOURI 
Joplin: P. G. Walker & Son, 
Inc., 702 Pennsylvania Ave. 
Kansas City: Abner Hood 
Chemical Co., 
507-517 N. Montgall Ave. 
Thompson-Hayward Chemical 
Co., 2915 Southwest Blvd. 
Springfield: P. G. Walker & 
Son, Inc., 1435 College Ave 
St. Louis: McKesson & 
Robbins, Inc., 904 Landreth 
Bidg., 320 No. Fourth St. 
Nitrogen Div., Allied 
Chemical Corp., 
4528 South Broadway 
G. 8. Robins & Co., 
126 Chouteau Ave. 


NEBRASKA 
Omaha: McKesson & Robbin. 
Ine., Chemical Deparunent, 
605 Leavenworth St 


NEW JERSEY 
Edgewater: Nitrogen Div., 
Allied Chemical Corp., 
1 River Rd. 
Paterson: Lotte Chemical Corp., 


109 - 5th Ave., P.O. Box 2488 


Seaboard Industries, 
195 Keen St. 


NEW YORK 

Albany: Albany Laboratories, 
Inc., 67 Howard St. 

gel's Trucking 

41 Kent Ave. 

Ite Products Corp., 
859 East 43rd St. 

Buffalo: Commercial Chemicals, 
Inc., 211 Hertel Ave. 

East Syracuse: Gleason 
Chemical & Supply Co., Ine., 
130 Headson Drive 


New York: Davies Nitrate Co., 
114 Liberty St. 
Nitrogen Div. Allied 
(Chemical Corp., 
40 Rector St. 
E. M. Sargeant Pulp & 
Co., Inc., 7 Dey St. 
Poughkeepsie Duso Chemical 
Co., Inc., Fulton & Fairview 
Sts., P.O. Box 665 
Rochester: William B. Duffy 
Carting Co., 62 Scio St 


NORTH CAROLINA 
Charlotte: Acme Soap & 
Chemical Co., Inc., Pineville 
Rd., P.O. Box 11,264 


OHIO 
Cleveland: The Conaty 
Warehouse Co., 
1245 Hemlock St. 
The Harshaw Chemical Co., 
1945 E. 97th St. 


OKLAHOMA 
Oklahoma City: Rex 
2735 N.W. 10th 
, P.O. Box 5141 
Tura Vaughn Chemical Co., 
1102 EB. 3rd St. 


PENNSYLVANIA 
Altoona: Western Pennsylvania 
Chemical Co., Inc., 4125-41 
éth Ave., P.O. Box 703 
Avoca: Lunoxz Chemical Works, 
Inc., Box 7 
Erie: Western Pennsylvanis 
Chemical Co., Inc., 
2001 W. 12th St. 
Middletown: Western 
Pennsylvania Chemical Co., 
Inc., Brown & Catherine Sts. 
Philadelphia: Barrett Dir., 
Allied Chemical Corp., 
36th St. & Gray's Ferry Rd. 
Hugh F. Gannon Trucking 
Corp., 430 N. Front 
Pittsburgh: Thomas Knoch, 
244 Bascom St 
Pitt-Penn Terminal Co. 
1320 Penn Ave. 
Western Pennsylvania 
Chemical Co., Ine., 
2955 Grand Ave. 


ISLAND 
Providence: T. H. Baylis Co., 
42 Gano St 
SOUTH CAROLINA 
Charleston: Thomas W. Carroll, 
Inc., 24 Market St. 
TENNESSEE 
Memphis: The Lilly Co., 
466 Union Ave. 
Nashville: Cumberland Storage 
& Whee. Co., 700 Benton Ave 
TEXAS 
Big Spring: T & T Supply Co. 
Inc., 1608 EB. 3rd 
Dallas: Alford Refrigerated 
Warehouse, 318 Cadiz St. 
P.O. Box 5088 
Chas. H. Platter & Co., 
Suite 228, 318 Cadiz 
El Paso: George 8. Thony 
Co., Inc., 611-615 Ne. 
Campbell St. 
Harlingen: Jones Moving & 
Storage Co., 1002 W. Jacksen 
Leatherwood Supply 
, 2005 McKinney 
k: Thompson - Hayward 
Chemical Co., P.O, Box 323 
San Antonio: Kyan Brokerage, 
Transit Tower 
Seubey Fireproof Storage 
315 N. Medina 


Burlington: V 7 Chemical 
Ine., Ft. 
hamplain 


VIRGINIA 

Richmond: Phipps & 
Inc., 303 South 6th St. 

P.O. Box 2-¥ 
WEST VIRGINIA 

Charleston: B. Preiser Co., Inc., 
416 W. Washington 

P.O. Box 6118 
WISCONSIN 

Chippewa Falls: Lyon Chemicals, 
Inc., 201 BE. Walnut 

Cottage Grove: North Central 
Chemicals, Ine. 

Green Bay: Wisconsin 
Refrigeration Supply Co., 
1016 Velp Ave. 

Milwaukee: Benlo Chemicals, 

1907 - 25 South 80th Mt. 


NITROGEN DIVISION 


Dept. CA 8-16-1, 40 Rector Street, New York 6, N.Y. 
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between 
a safeturn 
and 
a safety 

hazard... 


Since they first appeared in 1939, flashing turn-indicators have prevented 
untold numbers of accidents. The original design, developed by Tung-Sol 
Electric Inc., and operating today in over 50 million vehicles, relies on 
Duranickel from Riverside-Alloy for its life-saving dependability. 

A spring lever fabricated from .008”’ thick Duranickel flat wire controls the 
on-off action . . . flexing countless times to critical tolerances . . . on coldest 
winter nights or blazing summer days. 

Duranickel might solve a design problem for you, too. Duranickel is an 
age-hardenable Nickel-Aluminum-Titanium alloy with the strength and 
hardness approaching that of heat treated alloy steel. Duranickel develops 
tensile strengths over 200,000 psi, and offers other premium properties 
unavailable in comparably priced corrosion-resistant alloys. 

For full details on Duranickel or other INCO* Nickel Alloys write, today: 
Riverside-Alloy Metal Division, H. K. Porter Company, Inc., Riverside, N.J. 
*TRADEMARK OF THE INTERNATIONAL NICKEL CO., INC. 


RIVERSIDE-ALLOY PORTER METAL DIVISION 


H. K. PORTER COMPANY, INC. 


PORTER SERVES INDUSTRY: with Rubber and Friction Products—THERMOID DIVISION; Electrical Equipment — 

DELTA-STAR ELECTRIC DIVISION, NATIONAL ELECTRIC DIVISION; Specialty Alloys — RIVERSIDE-ALLOY METAL 

DIVISION ; Refractories—REFRACTORIES DIVISION ; Electric Furnace Steel—CONNORS STEEL DIVISION, VULCAN-KIDD 

STEEL DIVISION; Fabricated Products—DISSTON DIVISION, FORGE AND FITTINGS DIVISION, LESCHEN WIRE ROPE 

DIVISION, MOULDINGS DIVISION, H. K. PORTER COMPANY de MEXICO, S. A.; and in Canada, Refractories, “Disston” 
Tools, “Federal” Wires and Cables, “Nepcoduct” Systems—H. K. PORTER COMPANY (CANADA) LTD. 
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Hydrogen in Ti. . . 


was performed on 8 Mn titanium 
alloy sheet specimens that were not 
hot worked after hydrogenizing. 
Some possible explanations for the 
drastically different results are given. 
It is theorized that the anomalous re- 
sults occurred because the transition 
temperature for the hydrogenized 8 
Mn titanium alloy specimens in this 
work was below room temperature. 
W. R. Opie 


The Importance of 
Directionality in Drawing 
Quality Sheet Steel 


Digest of “The Importance 
of Directionality in Drawing 
Quality Sheet Steel”, by R. L. 
bal @ Reprint No. 174, 


in drawing quality 

sheet steels is usually consid- 
ered in a two-dimensional sense as 
indicated by differences in properties 
measured in the plane of the sheet. 
Directionality, however, is a three- 
dimensional effect. Consequently, 
properties measured in a direction 
perpendicular to the sheet plane 
might be different than those meas- 
ured in the plane. Unlike planar 
directionality, normal directionality 
can be beneficial to the press per- 
formance of the material. 

Tensile specimens of sheet mate- 
rial on plastic deformation often ex- 
hibit different amounts of strain in 
their width and thickness dimen- 
sions. The ratio of width and thick- 
ness strains measured at any strain 
level is called R. If R is measured 
in several directions in the sheet, an 
indication of both the planar and 
normal components of directionality 
can be obtained. Planar direction- 
ality is indicated by a difference in 
R in the different directions, while 
the normal directionality is indicated 
by the average value of R. A com- 
pletely isotropic material would have 
a value of R equal to one in all direc- 
tions. A material with an average 
value of R greater than one would 
be generally more resistant to thin- 
ning and puckering during forming 
than a perfectly isotropic material. 
Such a material should be desirable 
for practically all drawing operations. 
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FOR COMPLETE INFORMATION 
ON DAMASCOPE TESTING 

Write for bulletin describing 
operation, range of sensitivity, 
advantages, and general 
background on Damascope testing. 


OCTOBER 1959 


AT LAST A CONCLUSIVE 
NON-DESTRUCTIVE TEST OF 
PRESSURE TUBING QUALITY 


MEETS A.S.T.M. SPECIFICATIONS —Damascope is a new and improved 
method of RADAC eddy current testing. It consistently reveals surface and 
sub-surface cracks, seams, splits, holes, inclusions and other discontinuities not 
revealed by any other inspection method. On production run testing, 

Damascope’s range of sensitivity exceeds requirements for pressure tubing outlined 
in A.S.T.M. Book of Standards, Part I. 


EVERY TUBE IS TESTED —All Damascus pressure tubing is now 
Damascope inspected in addition to other accepted testing procedures. Damascope is an 
absolute test of quality, revealing the presence, location and size of harmful flaws. 
The entire periphery of the tube is examined inside and out, through the wall, 

and for the full tube length. This is 2 100% check — each tube is inspected 

and imperfect tubes are automatically rejected. 


SUITABLE FOR NUCLEAR WORK - For nuclear or other critical 
applications, Damascope can be even more closely calibrated to yield a tube 

of super quality. Damascope is powered by batteries which eliminate the variable 
effects caused by current surges. It also employs modulation analysis to separate eddy 
current signals from background interference. 


AMERICAN STEEL 


AMASCUS TUBE COMPANY 


STAINLESS STEEL TUBING AND PIPE 


GREENVILLE. PENNSYLVANIA 


WAREHOUSE ASS N 
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Drawing Sheet Steel ... 


It was originally thought that high 
values for R showed better press 
performance where the draw was 
unsymmetrical in nature, and that 
this beneficial effect would not pre- 
vail for a symmetrical drawing op- 
eration. This paper shows that a 
relationship between drawability and 
directionality for a symmetrical 
drawing operation does exist. 

The experimental work was de- 


signed to evaluate the drawability 
of several materials with widely vary- 
ing properties and directionality. 
The purpose was to determine the 
relative effect of directionality and 
other properties upon drawability. 
Sixteen low-carbon steels (eight 
rimmed and eight aluminum-killed) , 
two stainless steels, two aluminum 
alloys, commercial pure copper and 
65-35 brass were tested. These ma- 
terials ranged in yield strength from 
5000 to 45,000 psi., and in total 
elongation from 25 to 50%. The 


Keep Your Product on the Move 


Copper brazing at 2060° F. 


with ASHWORTH 


average strain ratio R ranged from 
0.6 to 1.6, indicating a considerable 
degree of normal directionality in 
certain materials. The stainless 
steels and nonferrous metals were 
all commercially processed, but 
some of the low-carbon steels were 
specially treated to attain a greater 
range of properties than ordinarily 
encountered commercially. 

The drawability of each material 
was evaluated by determining the 
largest blank of the material which 
could be successfully drawn into a 
2-in. flat-bottomed cup like that 
shown in Fig. 1. The procedure 
followed was to draw successive 
blanks of increasing diameters un- 
til the blanks failed to draw. The 
drawability of the material was then 


Fig. 1—Initial Test Blank and 
Final Cups Formed in a Successful 
and an Unsuccessful Cup Drawing 
Test. Earing of the successfully 
formed cup is a result of the 
planar directionality of the material 


expressed as the ratio of D, the diam- 
eter of the largest blank successfully 
drawn, to d, the diameter of the 
drawn cup. (For this experiment, 
d equaled 2 in.) The ratio D/d is 
called the drawing ratio. 

The directionality of each mate- 
rial was determined by measuring 
the strain ratio, R, at different angles 
to the rolling direction. This was 
done by measuring the longitudinal 


METAL PROCESS BELTS 


: Whether it be copper brazing at 2060°, bright annealing, powder metal- 
ae lurgy or for operation in oil or water quench . . . wherever your product 
must go during processing, an Ashworth Metal Process Belt can take it. 

Consult your nearest Ashworth representative . . . let him help you solve “i 

your belt problems, effect economies and keep your product on the move. ao. 


In general, the aluminum-killed 
Illustrated literature available steels showed the best drawabilities, 
ASHWORTH BROS., INC., WINCHESTER, VIRGINIA 


while the stainless steels and non- 
SALES ENGINEERS: Atlanta, Baltimore, Boston, Buffalo, Charlotte, N. C., 


and width strains of a %-in. wide 
specimen with parallel sides. It was 
elongated about 20%. The strain 
ratio, R, was then calculated from 
these values of width and length 


ferrous metals had the poorest. Al- 
though most of the materials pro- 

Chicago, Cleveland, Dallas, Detroit, Fall River, Mass., Greenville, S. C., 

Louisville, New York, Philadelphia, Pittsburgh, Rochester, St. Louis, St. Paul, 


duced “ears” when drawn, the oc- 
currence of “earing” did not appear 
Tampo, Canadian Rep., Peckover's Ltd., Toronto, Montreal. 


to affect the relative drawability of 
the materials. (Cont'd. on p. 206) 
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HAVE YOU 
A HEAT TREATING 
PROBLEM? 


Take it to your Commercial 
Heat Treater for: 


DESIGN: Technical advice about the design of metal 
parts requiring heat treating. 


PROCESS: Facts as to the correct heat treating 
process required to achieve service requirements. 


EQUIPMENT: The variety of modern specialized 
equipment needed for efficient cost saving opera- 
tions. 

SKILLS: The operational skills developed by years of 
experience in all phases of ferrous and non-ferrous 
meta! treatments. 


All these add up to SERVICE 
— the type of service only the 
Commercial Heat Treater 
can provide. 


Queen City Steel Treating Co. 


ican Metal Treatment Co. Alfred Heller Heat Treating Co., Inc. Cincinnati 11, Ohio 
Elizabeth, New Jersey New York 38, New York J. W. Rex Co. 
Benedict-Miller, Inc. Ipsenlab of Rockford, Inc. Lansdale, Pennsylvania 
Lyndhurst, New Jersey Rockford, Illinois The Stanley P. Rockwell Co. 
Bennett Heat Treating Co., Inc. L-R Heat Treating Co. Hartford 12, Connecticut 
Nework 5, New Jersey Newark 5, New Jersey Scott & Son, Inc. 
Cook Heat Treating Co. of Texas Metallurgical, Inc. Iinois 
Houston 11, Texas Minneopolis 14, Minnesota Host Treating Corp. 
Dayton Forging & Heat Treating Co. Metallurgical, inc. ag ot 3, New Y. 
Dayton 3, Ohio Konsas my | 8, “ong Temperature Processing Co., Inc. 
Dominy Heat Treating Corp. Owego Heat Treat, Inc. North Arlington, New Jersey 
Dollas, Texas Apalachin, New York United Most Yroqping Co. 
inzelman & Sons, | Paulo Products Co. , Texas 
12, ee St. Lovis 10, Missouri CANADA 
Pittsburgh Commercial Heat Treating Co. Ipsenlab of Canada Limited 
Pittsburgh 1, Pennsylvania Toronto 16, Ontario 
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MUELLER BRASS CO. 
OFFERS WAYS 
PRODUCE YOUR PART 


Mueller Brass Co., because of its diversified manufacturing facilities that encompass a wide 
range of fabricating methods, is in the unique position of being able to offer you, the 
purchaser, an intelligent, unbiased analysis and recommendation of the best, most economical 
method by which your particular part can be produced. As the result of over 40 years’ 
experience, the “Methods Analysis Department” has at its command compleie knowledge of 
the advantages and limitations of each production process. After receiving detailed knowl- 
edge concerning the end use of the part, material specified, conditions under which it must 
operate and other pertinent factors, these analysis engineers make their recommendations. 
Every detail is considered. In many cases, methods analysis engineers recommend a simple 
design change that makes practical a much more economical 
method of production. This technical service, offered only by 
Mueller Brass Co., is given to each individual inquiry and is your 
assurance that you will get the best product at the best price . . . 
made the one best way .. . by Mueller Brass Co. 


Send today for free technical literature on any one or all of the 
seven fabricating methods. 


COLD-PREST® SCREW MACHINE 


Production equipment is 
available to produce press, 
hammer or cored forgings of 
any practical shape in sizes 
ranging from a few ounces 
te 150 Ibs. in brass, bronze, 
aluminum and magnesium 
in 27 standard, as well as 
special, alloys. 


USA 
A 


WO 


OF AMERICAN INDUSTRY 


IMPACT EXTRUSIONS 


Mueller Brass Co. has com- 
plete machinery for producing 
Cold-Prest impact extrusions 
of aluminum, copper, brass, 
bronze and steel. Extrusions 
up to 28” in length are possi- 
ble, depending on wall thick- 
ness and other design details. 
Parts can be designed having 
ribs, flutes, splines or bosses 
. «+ with multiple wall diam- 
eters and with uniform or 
tapered wall sections. 


PRODUCTS 


Mueller Brass Co. has one of 
the world’s largest automatic 
screw machine departments 
fabricating both ferrous and 
non-ferrous custom parts. We 
can produce an infinite vari- 
ety of shapes and sizes from 
\%" to 3%" in wide range of 
free cutting and specialized 
alloys. Complete facilities for 
all secondary and finishing 
operations, as well. 


POWDER METAL PARTS 


Mueller Brass Co. can supply 
precision Sinteel® powder 
metal parts in wide range of 
sizes and metals at high 
production rate. Parts avail- 
able from iron, brass and 
copper alloys. Parts may be 
ordered with such choracter- 
istics as self-lubrication, con- 
trolled porosity and good 
electrical and magnetic 


properties. 


MUELLER BRASS CO. 


METAL PROGRESS 


...and our methods analysis service 


| helps you determine which is the best 


...and most economical method 


SAND CASTINGS 


We specialize in the produc- 
tion of pressure-tight red 
brass castings. We utilize 
both metal match plate and 
wood patterns. Facilities in- 
clude tool room and pattern 
shop, electric melting fur- 
naces, high capacity core 
room ond both bench and 
floor molding equipment to 
handle wide range of sizes. 


FORMED COPPER 
TUBE 


Mueller Brass Co. has modern 
facilities for forming seam- 
less copper tube into a multi- 
tude of shapes. Forming 

ethods used include bend- 
ing, spinning, expanding or 
swedging, upsetting, flaring, 
flattening, beading and 
grooving, drilling and pierc- 
ing, machining and joining. 
Formed copper tube coils are 
also available as single, 
double, spiral and serpentine 
shapes. 


PLASTIC INJECTION 
MOLDING 


Injection molding of plastic 
parts is still another process 
offered by the Mueller Brass 
Co. Parts are molded from 
such plastics as— nylon, poly- 
ethylenes, polyvinyl chloride, 
Styrenes, linear acetal, chio- 
rinated polyether, polycar- 
bonates or polypropylene,de- 
pendent on part application. 


MAN FROM 
MUELLER BRASS CO. 


Since only Mueller Brass Co. 
can produce your part by all 
these methods, only the Man 
From Mueller Brass Co. con 
give sound advice on the one 
best ath A of pr Aas 

Over 40 years of research, 


and marketing experience 
stands behind him. When you 
are specifying and purchas- 
ing fabricated metal ports, 
call in the MAN FROM 
MUELLER BRASS CO 
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EBERT SPECTROGRAPH 


Switches to direct reading analysis in less than a minute... 


determines up to 20 elements in two minutes. . . 


Now you can speed routine analyses photoelectrically, and still 
solve tough ‘odd sample” or research problems photographically — 
all with the same versatile instrument. No “attachments” to mount 


. no tedious realignment. With the turn of a single control 


you 


can convert from full-range spectrographic analysis to high speed 
direct-reading analysis of as many as 20 elements simultaneously. 


With the Jarrell-Ash 3.4 Meter Convertible Ebert Spectrograph, 
you'll enjoy flexibility that lets you tackle a greater variety of 


materials .. . 
elements . . 


analytical range to ferret out unsuspected trace 
. speed to handle more samples per hour — keep 


quality control in step with production. And add to these the 


footstep-saving convenience of a single basic instrument 
with all controls centrally grouped. 


Invite a Jarrell-Ash engineer to show you firsthand how the 


Convertible Ebert Spectrograph will make your analytical efforts 


more rewarding, your lab operations more productive 
and more profitable. 


@ Built-in direct reader photoelectric head fixed in permanent mount — no 
“attachments” to move or realign. 
@ Simple, trouble-free optical system — automatically in focus at all times. 


@ Direct reader dials compute during exposure — results can be read the 
instant ignition stops. 


@ Single grating delivers full 20” of stigmatic spectrum. 


@ Available as conventional spectrograph only, with provision for easily adding 


direct reader section later if desired. 


JARRELL-ASH COMPANY 


Jarrell 
Aasth Costa Mesa, Calif. + Atlanta,Ga. + Detroit, Mich. » New Bruns 
CANADA: Technical Service Labs., Toronto, Ontario 


22 Farwell Street, Newtonville 60, Massachusetts 
San Mateo, Calif. + Dallas, Texas « Tinley Park, Ill. « Pittsburgh, Penna. 


wick, N. J. 


| JARRELL-ASH CO., 22 Farwell Street, Newtonville 60, Massachusetts "| 
| MERELY We're interested in learning firsthand, without obligation, how the Jarrell-Ash Convertible Ebert | 
| SIGN AND Spectrograph can benefit our specific analytical operation. Please have your applications | 
| cur 10 engineer contact the undersigned. | 
LETTERHEAD 


Drawing Sheet Steel... 


On the basis of measured R val- 
ues, none of the materials were per- 
fectly isotropic. Figure 2 shows the 
directional variation in R for three 
low-carbon steels; these variations 
are considered to be typical of those 
found in almost any box-annealed 
low-carbon steel. 


2.0 
1 


uw 


Strain Ratio, R 


0 
0 222 45 672 


Angle to Rolling Direction, ° 


Fig. 2—Typical Directional 
Variation of the Strain Ratio, 
R, Observed in All the 
Low-Carbon Steels Tested. 
Steels 1 and 19 are drawin 

quality aluminum-killed yor 
while steel 18 is a draw- 
ing quality rimmed steel 


90 


The correspondence between “ear- 
ing” and directional variations in RK 
was quite good; the height of the 
ears produced generally varied ac- 
cording to the degree of fluctuation 


in R. In almost all tests, the “ears” 
P24 
a 
2.3 
5 2. 
2 
= 2.2 
€ 
2.01 
0 0.5 1.0 1.5 2.0 
Average Strain Ratio, Ravg. 


Fig. 8 — Effect of the Average 
Strain Ratio, Ryyg., on the 
Maximum Drawing Ratio, 
D/d. Dashed lines represent 


limits of experimental error 


formed in the direction in which R 
was a maximum. 

Figure 3 shows the relationship 
between drawing ratios and the ave- 
rage strain ratios of the materials. 
(Continued on p. 210) 
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Sure you are! 
and you'll find 


just what you want in 


TRUSPEC Aluminum Fin Stock, combining superior uniformity in the 
sheet, side to side and end to end, as well as close tolerance 

adherence to customers’ tight specifications, can help fabricators 

speed their operations and achieve superior heat transfer components. 


SPECIAL INTERMEDIATE TEMPERS, to permit just the right degree of 
stiffness and workability, dead softness or ample rigidity, are a Scovill specialty. 


No matter what methods of fabrication and assembly you are using, 
let Scovill Technical Service suggest a better fin stock specification 
... SCOVILL TRUSPEC ALUMINUM SHEET. 


The WELL -BEHAVE 


made bring The your produc 


1sscs9 


SCOVILL MANUFACTURING COMPANY, Mill Products Division, 99 Mill Street, Waterbury 20, Connecticut. Phone PLaza 4-1171. , 


q 
Sg 
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Aluminum is not new to Scovill. We were 
one of the very first mills in the country 
to start processing this new metal when 
it became commercially available in 
the late 1880's. But commercial Alumi- 
num Sheet produced to the same closely 


controlled specification: Scovill_estab- 
lished for Brass strip Was a NEW IDEA 


when we introduced TRUSPEC Aluminum. 


Fabricators have long wanted Alumi- 
num like this . . . because it can so 
effectively help them control such com- 
mon problems as “earing” and “orange 
peel” effect . . . because it can reduce 
time-consuming adjustments and pro- 
mote longer tool life . . . because Scovill 
has made available long-length coils 
(up to 100 Ibs. per inch of width) and 
the sheet itself is remarkably uniform 
in gauge, from side to side and end 
to end. 


Scovill believes the customer now gets 
what he wants . . . in TRUSPEC Aluminum 
Sheet identified by this Trademark. 


THE WELL-BEHAVED ALUMINUM SHEET 


yooryy... 


COPPER - ALUMINU™ 
MILL PRODUCTS 


by 


mace being ond the BLET ine your produc 


Scovill Manufacturing Company, Mill Products Division, 99 Mill St., Waterbury 20, Conn. Phone PLaza 4-1171. 
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and cutting 


and bars & 
| stocked in | 
wide range 

of sizes... 


 Electrite Double Six XL* 


(Type M-2) 


e Electrite Tatmo XL* 


(Type M-1) 


 Electrite Crusader XL* 


(M3 Type 2) 


© Electrite Dynavan XL* 


(Type T-15) 


* XL analysis for improved 
machinability. Grades 
shown also available in 
regular analysis 


gear hobs 


...the stock 
you need when you 
need it! 


LATROBE’S 


fully- uniform DESEGATIZED® 


HIGH SPEED 
STEELS 


For stock sizes and technical assistance call your Latrobe representative today 
.. . or write for latest stock list and data sheet 


Metalmostens / LATROBE STEEL COMPANY 


LATROBE, PENNSYLVANIA 


BRANCH OFFICES and WAREHOUSES: 


BOSTON + BUFFALO + CHICAGO + CLEVELAND * DAYTON 
HARTFORD + LOS ANGELES + MIAMI MILWAUKEE NEW YORK 
PHILADELPHIA « PITTSBURGH + SAN LEANORO « TOLEDO 


“BE SURE TO VISIT BOOTH 1350 AT THE 41ST NATIONAL METAL EXPOSITION” 
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Drawing Sheet Steel ... 


While the data show considerable 
scatter, a definite relationship exists 
betwen drawability (drawing ratio, 
D/d), and normal directionality 
(average strain ratio, R,,, ), In fact 
the only single property to show 
a significant relationship to drawabil- 
ity was the average strain ratio or the 
normal directionality of the material. 

Directionaliiy is an important 


property of drawing quality steels 
not always detrimental to press per- 


formance. While planar direction- 
ality is usually objectionable, normal 
directionality is desirable for good 
drawability even in symmetrical 
drawing operations. The general 
superiority of aluminum-killed steels 
over rimmed steels for deep drawing 
applications can be attributed to the 
greater normal directionality of the 
aluminum-killed steels. 
S. L. GertsMAN 


YOUR 
URNAC 


SUNBEAM WILL BUILD 
YOUR ‘“‘TURN-KEY”’ 
FURNACE EQUIPMENT 
FROM DESIGN TO 
INSTALLATION 


Sunbeam will handle the 
entire job of designing, 
building and installing 
your next furnace equip- 
ment. And whether you 
need an entire furnace 
line...or a single piece 
of equipment... it's 
wise to get a quote 


from SUNBEAM. 


SUNBEAM EQUIPMENT CORPORATION 
194 Mercer St., Meadville, Penna. 


Copper in Low-Carbon 
Steels 


Digest of “Tensile Properties 
of Copper-Bearing Low-Carbon 
Steel”, by G. W. Bush and R. W. 
Lindsay, @ Preprint No. 140, 
1959. 


HE ADVANTAGES and disadvan- 

tages of copper as an alloying 
element in steel are generally rather 
well understood. However, there is 
an absence of information as to 
whether or not there is a limiting 
content of copper below which the 
element has little, if any, effect on 
mechanical properties. Because re- 
sidual copper, in amounts of 0.1% or 
more, is not uncommon in commer- 
cial steels, it is important to know 
the effects of small quantities of cop- 
per on the properties of steel. This 
is especially true for deep drawn 
steels where slight changes in prop- 
erties may cause differences in the 
drawability of the material. 

In the present work, the effects of 
residual copper on the tensile prop- 
erties of a deep drawn, low-carbon 
grade were studied by standard ten- 
sile and true stress-true strain tests. 
The effects of varying copper con- 
tents on crystallographic orientation 
were studied by torque magnetom- 
eter tests. With an induction fur- 
nace, 100-Ib. heats of a rimming- 
type steel were produced. Varying 
amounts of copper were added to 
produce five copper levels between 
0 and about 0.50% Cu. (Actual 
copper contents were 0.002%, 0.12%, 
0.18%, 0.28% and 0.48%). The in- 
gots were processed by “mill prac- 
tice” to cold rolled, box-annealed, 
deep drawn sheets 0.040 in. thick. 
Since no mention is made in the 
paper of temper rolling, it must be 
assumed that the test results re- 
ported represent the dead-soft con- 
dition, and, in this respect, the ten- 
sile properties differ somewhat from 
those normally reported for commer- 
cial material. 

When the tensile data were plot- 
ted against weight percent copper, 
there was virtually no change in 
such properties as yield point, ten- 
sile strength, fracture strength, 
strength coefficient, elongation, or 
work hardening modulus between 
0.002 and 0.12% Cu. At higher 
copper levels, the tensile strength, 
fracture strength, and strength coef- 
ficient increased continuously with 
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: 
From 150 years’ experience in the manufacture 


of special steels for special uses come parts for extrusion 
presses by Marathon. Developed to assure excellent service 
life at reasonable cost, Marathon parts are precision made 
for each application. Our Technical Bulletin EP11 will be 


sent on request. Immediate attention given to your inquiries. 


SPECIALTY STEELS, INCORPORATED 


A Division of Deutsche Edelstahiwerke A.6., Krefeld, West Germany D EW 375 Park Avenue, New York 22, W. Y. 
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positioning 


furnace lurnace:- quench: 
tanks (side- by: 


furnace quench tanks 
furnace (side -by 


furnace company 


...4 complete set-up for 
heat-treating small tools 


small tool 
furnaces 


Contains a pre-heat furnace, a high-heat furnace 
and quench tanks in a unit designed for convenient 
positioning in your shop. Furnace sections are equip- 
ped with casters. 

Temperature range permits treatment of all high 
speed steels including cobalt type. 

Waltz small tool furnaces are “money makers” in 
many shops throughout the country. Enjoy the lucra- 
tive advantages of heat-treating facilities right in 
your own shop. 

A complete line of Waltz standard or special heat- 
treating furnaces using all types of fuels are built to 


suit your requirements. Write for comprehensive illus- 
ted bulletins. 
trated — 
Waltz Furnace Co., 
Symmes Street, Cincinnati, Obie 
CHOICE Dept. W 
8 Please send without obligation 
engineering bulletiny—Waltz Hoot 
NOW OPEN— NAME__ 
| 
WRITE TODAY COMPANY 
H ADORESS. 
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Low-Carbon Steels . . . 


increasing copper. A minimum 
value in the yield-point data was ob- 
served at about 0.3% Cu, but tensile 
elongation and work hardening mod- 
ulus decreased with increasing cop- 
per. From these results, it is con- 
cluded that there is a copper content 
below which the mechanical proper- 
ties of a steel (of the base analysis 
used) are not affected. It is further 
concluded that this content lies e- 
tween 0.1 and 0.2% Cu. 

In the torque magnetometer test, 
the steels with 0.002 and 0.12% Cu 
exhibited a high degree of anisot- 
ropy; at higher copper contents, a 
lower degree of anisotropy was ob- 
served. The effect of these apparent 
changes in crystallographic orienta- 
tion on deep drawing properties was 
not determined. However, other 
work has shown that, in drawing cer- 
tain asymmetrical shapes, material 
with a high degree of anisotropy fre- 
quently performs better than mate- 
rial with low anisotropy. 

The data obtained in this work 
are admittedly limited and the au- 
thors acknowledge that the results 
cannot be generalized as a quantita- 
tive evaluation of the effect of cop- 
per on the drawability of low-carbon, 
deep drawn grades of steel. How- 
ever, on the basis of the assumption 
that certain mechanical properties 
can be used as a qualitative measure 
of drawability, the authors conclude 
that the drawability of sheet steel 
should not be affected by less than 
0.1% Cu. It seems likely to this re- 
viewer that other investigators, by 
statistical treatment of large amounts 
of practical data (for example, PARC 
analysis), might be able to find rea- 
son to question this conclusion. 

G. H. Enzian 


High Boron Alloys 


Digest of “An — 4-9 of 
High Boron Alloys”, U. 


HIS INVESTIGATION was under- 

taken to test high-boron alloys as 
high-temperature structural material. 
In view of boron’s high melting tem- 
perature (about 4000° F.), low den- 
sity (about 2.3 g. per cc), and po- 
tentially high strength (hardness, 
Vickers 2800), it was hoped that the 
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WHICH ONES WILL LAST (and last, and last!)? 
THOSE MADE OF WEIRKOTE® ZINC-COATED STEEL! 


Steel tubing that’s protected against corrosion even under the most trying circumstances. 
Steel tubing that’s easily fabricated to meet the most exacting specifications. 


That’s what you get in tubing made of Weirkote zinc-coated steel ! 


Weirkote’s zinc coating—applied by the continuous process throughout, and so uniformly 
that every square inch is protected—is skin-tight. Theres atsoTutely no flaking or 
peeling no matter how tortuous the crimping, twisting or other stresses of fabrication. 
In fact, Weirkote can be worked to the very limits of the steel itself. 


The use of Weirkote can eliminate the need for any further coating process after fabri- 
cation. Its tight zinc coating is completely intact and remains so during fabrication and 
on the job. Weirkote zinc-coated steel tubing is particularly suited for jobs where weather 
is a factor to be taken into consideration. 


Take a good long look at the possibilities and advantages of using Weirkote zinc-coated 
steel to meet your tubing requirements. For the complete story on Weirkote and how it 
can help you, write Weirton Steel Company, Dept. $-7, Weirton, West Virginia. 
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HOW TO BEAT THE HEAT High-Boron Alloys . . . 


inherent brittleness of boron might 
for strong high alloy be modified by alloying. 
requirements in the Boron has a strong tendency to 


form borides, particularly with the 
1,800° to 2,300° F range! 


transition metals. The boron used 
for these experiments was produced 
at Battelle Memorial Institute by de- 
composing BBr, on a hot tantalum 
filament. Purity was about 99.9%, 
the chief impurity being 0.05% C. 

Alloys of boron containing up to 
6 at.% of gallium, yttrium, cerium, 
silicon, tin, titanium, zirconium, 
columbium, tantalum, molybdenum, 
tungsten, rhenium, iron, nickel and 
cobalt were melted as 1-g. heats in 
a vacuum induction furnace using a 
BN crucible. Pressures were usu- 
ally 0.1 micron or lower. 

Attempts to identify phases in the 
alloys by X-ray diffraction were not 
very successful because of the com- 
Covered by U.S. Patents plexity of the boron diffraction pat- 
tern. In a few instances, some inter- 
e esting patterns were determined 

with a fair degree of accuracy. For 
casting alloy example, the presence of TiB, was 

established in a 6% Ti boron alloy. 
Duraloy “HOM” isa special high nickel Also, two phases were identified in 
alloy developed to produce castings the boron-yttrium system, namely 
that meet high temperature BY,, and another phase of unknown 
requirements, especially when castings composition near 1 at.% Y. The 
are subject to oxidizing atmospheres. latter phase has the approximate 
Bay Ts composition YB;9, with close to 1700 

atoms in the unit cell. 

| Metallography and hot hardness 
2500 . were found to be the most useful 
tools for evaluating these alloys. 
ES Mechanical tests were not practical 
| 


because of the brittleness problem. 

In most of the alloys, a second phase 

10.000 1000 was observable without etching, but 

where etching was desirable a 1HF- 

5.000 1HNO,-2H.0 solution was used. 

The pure boron showed no indi- 

168 160 ian 1900 2000 2100 2200 7300 1600 1700 1800 1900 2000 2100 cation of a second phase. Grain 

TEMPERATURE F TEMPERATURE — DEG. F 

- structure and twins were readily vis- 

alloy systems examined had inter- 

mediate phases and all alloys were 

Castings of DURALOY “HOM” are now brittle. Several alloying elements 

being produced by our three methods: (titanium, zirconium, molybdenum, 

static, centrifugal and shell molded. ‘ 

Write today for additional information 
on this versatile new alloy. 


iron, cobalt and nickel) were found 
to have appreciable solid solubility 
in boron of the order of 1 at.%. 
Boron cylinders with good den- 
sity could be hot pressed from the 
pure powder. However, this tech- 
OFFICE AND PLANT: Scottdale, Pa. nique was difficult to apply, and was 


EASTERN OFFICE: 12 East 4lst Street, New York 17, M. Y. unsuccessful in producing useful 
ATLANTA OFFICE: 76—4th Street, for hanical 
CHICAGO OFFICE: 332 South Michigon A specimens for any mechanical! tests. 


DETROIT OFFICE: 23906 Woodward Avenue, Pleasont Ridge, Mich. (Continued on p. 216) 
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New Hame Detector 


not fooled by hot refractory or glowing carbon... 


The ultimate in both safety and convenience, 
Ultra-Vision* Flame Detector responds only to 
ultraviolet—not to infrared 


Here’s the only visual flame detector that 
can tell the difference between real flame 
and red-hot refractory or glowing carbon. It 
responds to nothing but the ultraviolet 
energy given off by flame and sparks, and 
can’t be fooled. It cuts off fuel delivery on 
flame failure alone, and completely elimi- 
nates nuisance shutdowns. 


Use the new Ultra- Vision Flame Detector to 
supervise gas-fired, oil-fired or oil-gas burn- 
ers—it detects a flame from any type of fuel. 
This one unit keeps an eye on both the pilot 
and main flame. Use it with any standard 
rectification-type flame safeguard system, 
such as the Protectoglo. The Ultra-Vision 
sensor is easy to install, because it is in- 
sensitive to the refractory, and can be aimed 
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at the flame from any convenient direction. 
Now, for the first time, it’s possible to have 


positive flame protection where protection - 


formerly was difficult or impossible—in 
radiant cup burners and gas generators used 
to produce atmospheres for heat treating 
furnaces, for example. 


Get complete details from your nearby 
Honeywell field engineer. Call him today .. . 
he’s as near as your phone. Or write for 
Bulletin 95-2776. 


MINNEAPOLIS-HONEYWELL, Wayne and 
Windrim Avenues, Philadelphia 44, Pa. 


Ho neywell 


Fouts 
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High-Boron Alloys . . . 


Hot pressing at very high pressures 
(up to 50,000 atmospheres) and high 
temperatures (up to about 4500° F.) 
was applied to make several boron 
alloys. It was hoped that very high 
temperatures and pressures might 
stabilize some new boron phase. 
The compacts made by this tech- 
nique were brittle and contained no 
new phase. 

Hot hardness tests revealed that 
several alloys had much higher hard- 
nesses between room temperature 
and 1650° F., than unalloyed boron. 
In this respect, alloys containing ti- 
tanium, zirconium and molybdenum 


were of greatest interest. There is 
little doubt that such alloys would 
have great potential in the high- 
temperature field if some slight duc- 
tility were present. 


P. D. Frost 


Precipitation In 
Cu-Cr Alloys 


Digest of “Precipitation Proc- 
ess in Copper-Chromium Al- 
loys”, by R O. Williams, @ 
Preprint No. 136, 1959. 


HIS PAPER represents an experi- 
mental investigation of the pre- 
cipitation process of chromium from 


Toolmakers 


Foremost 


Approve 
Sentry 
Hardening 


Visit Booth 1719 
41st Metal Show, Chicago, Nov. 2-6 


LOOK into some of America’s leading tool rooms to learn how to make your 
production tools the finest! You'll find that many of the foremost hardeners 
entrust their precious high speed tools only to the Sentry Diamond Block 


method of atmosphere control. 


The reason why? Sentry hardening is sure. Valuable tools of any steel 
hardening above 1700°F. can be fully hardened without danger of scale or 
decarburization. Surface spoilage is positively eliminated. 


A demonstration of hardening on your own tools will 
convince you of Sentry benefits. Why not send us samples? 


entry 


TRADEMARK 


Request Catalog R-22* Write THE SENTRY CO., FOXBORO, MASS. 


supersaturated copper alloys at 400 
and 500° C. (750 and 930° F.), as 
related to a theory of precipitation 
strengthening recently proposed by 
the author (“Theory of Precipitation 
Hardening: Isotropically Strained 
System”, by R. O. Williams, Acta 
Metallurgica, Vol. 4, 1957, p. 385). 
This particular system is of consider- 
able interest since copper alloys with 
more than 0.1% Cr can be made to 
precipitation harden so that they 
achieve high strength while retain- 
ing high electrical conductivity. 

The experimental phase of the 
work involved solution treatment of 
a series of copper alloys containing 
from 0 to 1.33% Cr, quenched from 
about 1050° C. (1920° F.), then 
aged over a range of times at 400 
and 500° C. (750 and 930° F.). The 
aged and aging specimens were 
studied by X-ray diffraction, dila- 
tometer measurements, and _ tensile 
property determinations. 

The greater part of the paper is 
given to an analysis and interpreta- 
tion of the experimental data. Limi- 
tations to the experimental accuracy 
and available methods in an investi- 
gation of this type are such that the 
accuracy of any conclusion cannot 
be demonstrated with certainty by a 
single experiment or even a reason- 
able combination of experiments. 
However, the author has presented 
an analysis of his observed data, as 
well as that of other investigators, 
which is sufficiently logical to pro- 
vide an explanation meriting consid- 
eration and continued investigation, 
but, at the same time, sufficiently 
speculative that it will probably pro- 
voke challenge and lively discussion. 

The data present evidence that 
the aging consists of two essentially 
distinct processes. The first process, 
which represents the actual precipi- 
tation of chromium, involves changes 
in the properties most sensitive to 
chromium in solid solution. These 
result particularly from the presence 
and effects of excess vacancies, and 
show an apparent activation energy 
based on that for vacancy diffusion. 
The second stage can then involve 
competitive particle growth, loss of 
coherency or phase changes or both. 
The experimental data indicate the 
probability of competitive particle 
growth. There is also a possibility 
one or both of the other processes 
occurs at the same time. 

The form of the precipitated chro- 
mium is a distinct problem which is 
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Lehigh H Teams Up with Brake Die 
Result: 150,000 Box Tops 


The job was a tricky one. It called for 
the blanking and forming of .010-in. 
black plate into hinged tops for chil- 
dren’s paint boxes. But with the black 
plate already lithographed, it was 
imperative to avoid marring the ma- 
terial. 

The manufacturer, Sobel Metal Prod- 
ucts Co., Easton, Pa., talked it over with 
his loeal Bethlehem tool steel distribu- 
tor, Luria Steel Supply Co., Catasau- 
qua, Pa. The Luria representative pro- 
posed the use of Lehigh H for the die, 
and Brake Die for the punch. This 
proved a wise choice, for combined, the 
two tool steel grades turned out 150,000 
pieces without any need for redressing. 


And the black plate received nary a 
seratch. 

Bethlehem Lehigh H (AISI D-2) is 
our easy machining high-carbon, high- 
chrome tool steel. It is an air-hardening 
grade, with plenty of wear-resistance 
thanks to its excellent carbide distribu- 
tion. Brake Die, a grade of special 
analysis steel, is oil quenched and tem- 
pered to develop the mechanical prop- 
erties needed for maximum wear and 
toughness. 

Bethlehem regularly produces about 
30 different grades of tool steel—a 
range so wide as to meet virtually every 
requirement. For full information, eall 
your Bethlehem tool steel distributor. 


Steel Fopies 


BETHLEHEM TOOL STEEL 
ENGINEER SAYS: 


Hot-W ork Tools Last Longer 
When Thermal Stress ls Reduced 


Deterioration of hot-work tools in service 
by heat checking or cracking depends 
largely on the severity of thermal stress 
developed in service. Anything which can 
be done to decrease the magnitude of the 
thermal stress will increase the service 
life of the tools. 

One of the most essential steps in using 
hot-work tools is to preheat them to their 
normal working temperature before use. 
This seemingly insignificant step will 
eten improve the tool life appreciably 
because it decreases the severity of the 
initial stress eyeles. 

The provision of multiple tools which 
are used in suecession is another simple 
way to decrease thermal stresses on cer- 
tain types of hot-work tools. For ex- 
ample, on piereing operations the press 
may be provided with as many as six 
piercing punches mounted on an indexing 
fixture. After each piercing operation a 
different punch is moved into position for 
the next operation. This permits each 
punch to cool during the time of the next 
five operations, greatly reducing the 
severity of thermal stress. The service life 
of punches used in this manner is often 
twice that of punches used continuously 
in the same operation. 


Air-4 hardens in air at 1550F. 


With AIR-4 You Get Air-Hardening at Low Temperatures 
..- FREE MACHINING ... EXCELLENT WEAR 


Air-4, Bethlehem’s new medium-alloy tool steel, hardens in air at 1550F, and has 
excellent free-machining properties due to its carefully controlled addition of 
lead. It has exceptional wear-resistanee and high toughness. Moreover, it ean be 
heat-treated with complete freedom from the dangers of cracking. Ask your 
Bethlehem tool steel distributor for complete information on Air-4. 
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Bausch & Lomb 
REMOTE CONTROL 


Stereomicroscope 


@ Sharp 3-D views of standard 
laboratory instrument quality 

e@ 5x7” stereo camera 

© 2X to 30X magnification 

© Non-browning optics 


Bausch & Lomb 


REMOTE CONTROL 
Metallograph 


© Direct views or photography, by 
bright field or polarized light 

@ 25X to 2000X magnification 

@ Non-browning optics 


BAUSCH & LOMB 


COOL 
VIEWS 


inside — 


Write for Manual D-287, containing speci- 
fications, technical data and photographs. 
Bausch & Lomb Optical Co., 84946 St. Paul 
Street, Rochester 2, New York. 


Bausch & Lomb gives you two safe 
new ways to see and photograph 
radioactive materials. 


Visit Bausch & Lomb Booth 219, National Metals Show, 
November 2-6, Chicago 


Cu-Cr Alloys . . . 


not completely answered by the ex- 
perimental data. However, a nu- 
cleus of a metastable form of face- 
centered cubic chromium presents 
an attractive possibility to explain 
nucleation by the precipitation of 
extremely fine particles coherent 
with the parent matrix. The author 
takes the diffuse X-ray effects, con- 
sisting of diffuse rods in the <111> 
directions around each reciprocal 
lattice point, to mean that the pre- 
cipitate consists of coherent plates on 
the {111} planes of the copper. 

The author interprets his own 
data, as well as that of others, to be 
consistent with the requirements of 
his theory of precipitation hardening 
where the matrix and particles are 
hydrostatically stressed to a common 
lattice parameter. The apparently 
homogeneous nucleation, based on 
the very large number of extremely 
small particles, fits this concept. 

The system studied appears to be 
unique in that the diffuse effects 
arise not from the diffraction power 
of the precipitate, but from the dis- 
placements produced in the matrix 
by the precipitate. E.C. 


Grain Structures at 
High Temperatures 


Digest of “Directional Grain 
Structures for High-Tempera- 
ture Strength”, by F. L. Ver- 


and fracture charac- 

teristics of metals and alloys at 
elevated temperatures are influenced 
by the nature of their grain bounda- 
ries, and fracture at high tempera- 
tures usually propagates along grain 
boundaries. In this paper, the au- 
thors demonstrate experimentally 
that the tendency toward intergran- 
ular fracture can be reduced by 
using a directional grain structure 
wherein the grains are elongated in 
the direction of the stress axis. The 
experiments were performed on a 
75% Ni, 21% Cr, 3.5% Al alloy cast- 
ing which is known to have a low 
tensile and rupture ductility (< 2%) 
and a large tendency toward inter- 
crystalline cracking, when the grain 
structure is equiaxed. The direc- 


tional or columnar structure was 
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... inside Vanadium-Alloys’ new CEC furnace? 


Amazing new steels. Vacuum-purified steels that ap- 
proach theoretical limits of strength and temperature 
resistance. And a promise of newer, even stronger 
steels. 

With this huge CEC consumable electrode fur- 
nace, Vanadium-Alloys can produce ultra-pure in- 
gots up to 2 feet in diameter. Today’s highest 
vacuum—.0000068 atmospheres—keeps contami- 
nants out. And it’s all done with pushbutton elec- 
tronic controls! 


There’s a complete line of CEC arc furnaces to 
meet your vacuum melting needs, from laboratory 
to volume production. 


WRITE for Bulletin 4-25. 


Rochester Division 


CONSOLIDATED ELECTRODYNAMICS/rochester 3, new york 


FABRICATED © 


why they are 
calling us 


"ALLOYS: 


"THE MUFFLE PEOPLE” 


In many years, there have been few occa- 
sions when Rolock engineers and constructors 
were not working on muffles . . . of almost 
every size and type ... from “little fellows” 
to real giants. 

Today, this background of experience brings 
us many of the most important jobs in the 
field, some examples of which are shown 
above. Among many important design con- 
tributions we have made is «an entirely new 
type of Rolock corrugated wall and roof 
construction that greatly extends muffle life 
expectancy. To a number of muffle users 
Rolock's experts are, indeed, the “muffle 
people.” 

Building such muffles is a job that requires 
experienced engineering design as well as 
exceptional skills and craftsmanship in han- 
dling special alloy fabrication. Rolock offers 
you both these essentials. A constantly grow- 
ing file of successful case histories shows 
important long-range savings to the muffle 
user. Let us quote on your next job... 
whether it's a standard replacement or one 
presenting problems to be solved. 


SPECIAL SERVICE 
to users of 


ENDOTHERMIC 
GAS GENERATORS 


Rolock maintains a prompt 
repair and replacement 
service for these gas 
generator retorts. 

Our New, improved 
welded-fabricated Inconel 


FAST DELIVERY 

We stock heads, pipes, 
mesh, catalyst and shell 
material for immediate 
service on a full range of 
large and small sizes. 
Write or wire. 


SALES AND SERVICE REPRESENTATIVES FROM COAST TO COAST 
ROLOCK INC., 1222 KINGS HIGHWAY, FAIRFIELD, CONN. 


JOB-ENGINEERED for better work 


Easier Operation, Lower Cost 
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Grain Structures . . . 


obtained by casting in a special mold 
which provided a temperature gradi- 
ent along the height of the casting. 
Grains were obtained with width- 
to-length ratios of 1:5 to 1:25. 

The results of creep rupture tests 
(1472 to 1652° F.) in directions 
parallel and normal to the long axes 
of the grains are summarized in Fig. 
1, in comparison with values ob- 
tained in equiaxed-grain specimens. 


20.4) @ Transverse 
(20.7) © Longitudinal 
Equiaxed 


10 


(6.2) | 


(1.2) | Trans. 
(Values in Parentheses are 
% Elongation in 1 In.) 


10 100 1000 10,000 
Rupture Life, Hr. 


Fig. 1 — Results of 
Creep Rupture Tests 


The fracture resistance as indicated 
by the rupture ductility and the time 
to the end of the second stage of 
creep was greatest for the longitu- 
dinal structure and less for the trans- 
verse and equiaxed structures. By 
having the grains extending parallel 
to the applied stress, the rupture 
ductility was increased by a factor 
of 4 to 10, and the rupture strength 
by 15 to 20%. The authors believe 
the improvement occurs because the 
longitudinal grain structure inhibits 
the normal intergranular mode of 
fracture, so that fracture must be- 
come predominantly transgranular. 

The creep resistance of longitu- 
dinal and transverse specimens was 
the same during the early part of 
the creep curve, and the equiaxed 
grain specimens had a higher resist- 
ance to creep deformation but a 
lower resistance to fracture than the 
columnar structures. These results, 
coupled with observations on the 
modes of fracture of specimens with 
various orientations of the columnar 
grain axes with respect to the stress 
axis, lead the authors to conclude 
that the creep rupture properties of 
directional grain structures are pri- 
marily related to the directionality of 
the grain boundaries and not to the 
preferred orientations of the grains. 

H. H. Cutswik 
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FOR THE 
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OF FINISHING 
QUALITY 


Only 


Process Engineered 


Chromate Conversion Coatings 


Give you 5 additional benefits for Corrosion Protection—Paint Base — Decorative Finishing 


A COMPLETE PROCESS 
ENGINEERED LINE 


Developed for specific applications, there is an 
Iridite to provide the finish you desire, fit the 
equipment you have available and give the 
performance you require. Most Iridite coatings 
meet rigid military and civilian specifications. 


EXPERIENCED TECHNICAL 
SERVICE 


Our large field engineering staff is thoroughly 
familiar with chromate conversion coatings 
and related finishing operations. They’ll help 
you check every step in your finishing oper- 
ation to make sure you’re getting the best 
possible finish on your products. 


3 PRODUCT AVAILABILITY 


Warehouses located in strategic industrial 


iRIDITE—-a specialized line of chromate conversion coatings for non-ferrous | 
| metals. Apply by dip, brush or spray methods | 
| manually or with automatic equipment. Forms a thin film which becomes ! 
| an integral part of the metal. Cannot chip, flake or peel. No special equip- | 
ment, exhaust systems or specially trained personnel required. | 


If you are using chromate conversion coatings to finish zinc, cadmium, aluminum, mag- 
pper, brass or bronze — consider the above benefits of Iridite. For 


jum, silver, 


areas enable us to provide you with fast, 
economical delivery on any Iridite. 


“4 ECONOMY 


The superior performance of Iridite provides 
low final cost by extending operating life and 
lowering maintenance costs. In addition, 
Iridite gives you a finish that adds considerably 
to the value of your product. There’s an 
Iridite to meet every cost and performance 
requirement. 


RESEARCH AND DEVELOPMENT 
FACILITIES 


If you have an unusual application, we will 
gladly work with you. Our entire staff of 
experienced engineers and chemists, and our 
completely equipped facilities are at your 
service. 


at room temperature — 


complete information, contact your Allied Field Engineer. He's listed under “Plating 
Supplies” in the yellow pages. Or, write for FREE TECHNICAL DATA FILE. 


Allied Research Pr oducts, TNC. 4004-06 64st mONUMENT STREET © BALTIMORE 5, MARYLAND 


BRANCH PLANT: 400 MIDLAND AVENUE © DETROIT 3, MICHIGAN 


West Coost Licensee for Process Chemicals: 1. H. Butcher Co. 


chemical Processes, Anodes, Chromote Cleor Plating Chemicals & Line of 
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Aluminum-Copper 
Composites 


Digest of “An Investigation 
of Aluminum-Copper Compos- 


ites Prepared by Solid-State 
Bonding”, by J. M. Williams 
and M. B. Bever, @ Preprint 


No. 175, 1959. 


omits BONDING is of interest 

to metallurgists both as an exam- 
ple of a solid-state diffusion process 
and as a practical technique to clad 
metals and produce metal laminates. 
This paper reports the results of a 
study of the influence of sintering 
variables upon the strengths, micro- 
hardness profiles, and metallography 


of aluminum - copper composites 
made by a conventional two-stage 
process. 

Green bonded compacts were pre- 
pared by rolling bars of aluminum 
and copper together as a pack. The 
materials contained none of the nor- 
mal metallic impurities in amounts 
greater than 0.003%. Two different 
surface conditions were studied. 
Material A was cleaned with abra- 
sives and wire brushes, and imme- 
diately rolled to a reduction of 64%. 

Cylindrical specimens, 1 in. in 
diameter, were cut perpendicular to 
the bond interface and were sin- 
tered at 350 or 400° F. for times 
ranging from 4 to 96 hr. Spécial 
tensile specimens were used to in- 
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MODEL UBG-25 
with Built-in DusKolector 


sure that failure occurred at the 
interface. Six to 18 specimens were 
tested for each sintering condition. 
Excessively low strength values 
which were obviously associated 
with incomplete bonding over the 
interface were discarded. 

The results of these tests are 
shown in Fig. 1. Variables involved 
are the temperature and time of 
sintering, and the time elapsed be- 
tween cleaning and rolling. The 
difference in reduction during rolling 
was significant. The lower green 
strength exhibited by material B 
illustrates the adverse effect of sur- 
face contamination (oxide formation) 
upon bonding. The authors attrib- 
ute the maximums observed during 
sintering to initial bond improve- 
ment and subsequent formation of 
brittle intermetallic compounds. 
Metallogr: ‘ic examination of the 
diffusion zone verified the formation 
of up to four intermediate phases. 

Studies of aluminum-aluminum 
compacts rolled to a reduction of 


8 20 + 
215 
a 
$ | Specimen Used | 
Aluminum Copper 
| | Bonded Interface 
0 20 40 60 80 100 


Sintering Time, Hr. 


Fig. 1— Tensile Strength of Alumi- 
num-Copper Composites as a Function 
of Sintering Time. “A” and “B” 
designate different surface conditions 


65% immediately after cleaning indi- 
cated that the thin oxide layer formed 
at the interface tended to agglom- 
erate and then to disappear with in- 
creasing sintering time. The authors 
conclude that this oxide decrease 
results from a gradual absorption into 
the bulk metal of the compact. 
Microhardness profiles were made 
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new, 


improved ALODINE 


for aluminum 


IN LESS TIME—ALODINE 1200S provides increased 
chemical activity for dramatic reduction in proc- 
essing time .. . up to 50% in most cases! You get 
far faster processing than ever before, with the 
same high quality protection! 


WITH LESS EQUIPMENT—You can install an 
ALODINE 1200S system quickly and conveniently, 
without resorting to mechanical bath maintenance! 
That means no dangerous, time consuming check- 
ing routines with the possibility of bath contamina- 
tion always present! 


AT LESS COST—ALODINE 1200S can be processed 
through continuous dip in the same time cycle 
other conversion coatings require for continuous 
spray lines! This dip technique reduces initial 
equipment costs, slashes maintenance costs to a 
minimum and allows aluminum fabricators to uti- 
lize conversion coatings more frequently fora wider 


Write for Bulletin 1424A 

describing use of Alodine 
for aluminum fabrications 
of all types. 


Cost Saving, 

Time Saving 
ALODINE 1200S 
Pre-Paint Treatment 
Protects Aluminum 
Best! 


range of product applications! Whatever the appli- 
cation method—brush, dip, continuous strip or 
spray —ALODINE 1200S may be the answer to 
your production problems. 


FOR MORE FLEXIBILITY— Most important, its ease of 
operation, safety in use and versatility enables 
ALODINE 1200S to answer one of the most per- 
plexing problems inherent in providing corrosion 
protection and paint bonding qualities for alumi- 
num—the problem of constant, uniform quality. 
ALODINE 1200S is qualified under Government 
Specification MIL-C-5541. 


Investigate cost saving, time saving ALODINE 
1200S today! And whenever you have a chem- 
ical finishing requirement for aluminum—any 
type of aluminum—there’s an ALODINE proc- 
ess available to protect or decorate the metal, 
and anchor the paint finish more securely. 


Typical ALODINE 1200S 
strip line installation at 
ALSCO, INC. Strip from 
aluminum coil is fed into 
Alodine processing baths 
where it is cleaned, rinsed, 
deoxidized, rinsed, coated 
with ALODINE 1200S, 
rinsed and given a final 
acidulated rinse. Strip is 
then rewound, roll coat 
painted, roller formed into 
final shape, backed, in- 
spected and packed for 
final shipment. 


ALODINE 12008 


another chemical development of AMCHEM PRODUCTS, INC., Ambler 23, Pa. 
(Formerly American Chemical Paint Co.) 


Detroit, Mich. + St. Joseph, Mo. « Niles, Calif. « Windsor, Ont. Amchem and Alodine are registered trademarks of Amchem Products, Inc. 
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Al-Cu Composites . . . 


using a Bergsman tester. Extremely 
careful control was necessary to ob- 
tain reproducible results. Several 
transverses were made of each speci- 
men at an angle of 20° to the inter- 
face. A typical profile is shown in 
Fig. 2. The authors suggest that 
the hardness peak near the interface 
is associated with the formation of 


intermediate phases and that the 
dips in the hardness curve adjacent 
to the interface are associated with 
possible pore formation resulting 
from the Kirkendall effect. 
Examinations were made of all 
fracture surfaces. The appearance 
of these surfaces permitted some 
qualitative conclusions concerning 
behavior of brittle oxide films during 
rolling and subsequent effect upon 
properties. W. R. Upruecrove. 


Fig. 2 — Microhardness Profile Through Al-Cu In- 
terface. Material was sintered 24 hr. at 400° F. 
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Textures in Extruded 
Uranium 


Digest of “Textures in Ex- 
truded Uranium”, by R. B. 
— © Preprint No. 124, 
1959. 


HE TEXTURES in extruded uranium 

have been studied by the pole 
density method of Harris-Mueller 
and Knott. Thermal expansion data 
are used to support the X-ray evi- 
dence of the preferred orientations. 
Results have been obtained on as- 
extruded, cold swaged, recrystal- 
lized, and beta quenched uranium, 
and an attempt is made to predict 
the thermal expansion from a knowl- 
edge of texture and the three prin- 
cipal crystallographic thermal ex- 
pansion coefficients. 

Crystallographic pole figures are 
shown for all samples in both the 
extrusion and transverse directions. 
The hot extruded bar showed the 
most intense texture with the (110) 
poles parallel to the extrusion direc- 

(Continued on p. 232) 
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ishing of heat- 
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HI-ALLOY “A” 
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fracturing due to 

impact. 
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BLASTRITE 
SHOT and GRIT 


A complete range of 
sizes, standard or 
made-to-order. 


CALL US FOR 
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ABRASIVE 
REQUIREMENTS 
Phone: Lyceum 2-2816 
Teletype: Springville 


other metal 
Best for impact parts. 
type cleaning Catalog No. 
machines. AB-57 will give you 


further 
these stocked 
as well as those 
manufactured as 
ordered. 


STEEL SHOT & GRIT 
(Hardened and 
Drawn Cast Steel) 
ideal for cleaning and 
peening where carry- 
out and abrasive 
loss are minimized. 


CUT STEEL 
WIRE SHOT (Hard 
Drawn Cut Steel Wire) 
Extensively used in 
peening springs and 


details on 
items, 


ABRASIVE SHOT GRIT COMPANY INC. 


Prone: Lyceum 2-2616 Teletype: Springvilie 


Free cost system installed 
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TOPPER HEAD 


TOLOK., 


Conceived and developed by 


VESUVIUS CRUCIBLE COMPANY 


for the metal pouring industry 
SWISSVALE PITTSBURGH 18, PA. 
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Ansco Superay 


An ultra-speed x-ray emulsion specifically designed for 
use with intensifying screens of calcium tungstate types 


Here at last is an all new fine 
grain film that has extremely 
wide latitude when exposed 
either by direct x-rays or with 
lead screens. 

Try this superb new film and see 
the consistently superior results 
in flaw detection through speci- 
mens having a wide range of 
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thicknesses. All this plus higher 
performance with calcium tung- 
state intensifying screens to in- 
crease speed, make Ansco Su- 
peray ‘D’ ideal for testing heavy 
metals with low voltage equip- 
ment. Ansco, Binghamton, N.Y., 
A Division of General Aniline 
& Film Corporation. 
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INTO 
YOUR 
GREASE! 


... you'll find you get greater MoS, coverage per dollar 
and a more uniform blend by adding Acheson dag® 208 


Unless you look carefully, you may find it dif- If you are one of the many progressive marketers now consider- 
ficult to distinguish between greases made with ing adding a moly-fortified grease to your line, we urge you to 
different molybdenum disulfide additives. They evaluate ‘dag’ 208 today! If you are one of the many current 
may appear alike . . . even feel the same. . . users of moly-fortified lubricants, be sure to specify that the 
but that’s where the similarity stops. By actual ones you purchase are formulated with Acheson’s moly disper- 
photomicrographic comparison, the finer par- sions. Send in the coupon for a complimentary sample. 

ticles in ‘dag’ Dispersion 208 are your assur- The same advantages of molybdenum disulfide can be incorpo- 
ance of greater coverage . . . at no increase in rated in petroleum oils and polyalkylene glycol fluids. ‘dag 
solids content. Or, looking at it another way, Dispersions 200 and 207 are the finest colloidal concentrates 
equal coverage and greater effectiveness can be available for these applications. Experimental samples may be 
obtained at a much lower solids content, thus obtained upon request. 


extending the range of application to even 
closer-tolerance mechanisms. 

Because of the ease with which ‘dag’ 208 can 
be handled, measured and blended, there are 
additional savings in compounding time and 
labor. This stable dispersion assures the 
blender and the end-user of a consistently uni- 
form grease. 


Shown here is a dramatic compar- 
ison of particle sizes. Both Ache- 
son's new dispersion, ‘dag’ 208, 
(below) and the finest commercial- 
ly available molybdenum disulfide 
powder (at left), have been mag- 
nified 300 times. 


eee 


Acheson Colloids Company 
Dept. MP-109, Port Huron, Michigan 


Please send me free of charge your trial sample of 


Tests prove that the predomi- 
nantly finer particles in ‘dag’ 208 
(at right) provide 80% greater 


‘dag’ 208 ‘dag’ 200 


hiding power . . . more coverage 
NAME per dollar. 
‘dag’ is a trademark registered in the U. S. Patent Office by Acheson Industries, Ine. 

COMPANY 

ACHESON (Colloids Company 

* ADDRESS PORT HURON, MICHIGAN 
sy A division of Acheson industries, inc. 
Also Acheson Industries (Europe) Ltd. and affiliates, London, England 

city STATE 


Offices in: Boston + Chicago + Cleveland + Dayton - Detroit + Los Angeles 
Milwaukee - New York + Philadelphia + Pittsburgh + Rochester - St. Louis 


OCTOBER 1959 227 


- 
j 
| 
= ° *€e 


You'll enjoy production profits with HOUGHTON’S 


Quenching Oils 
Coolants 

Rust Preventives 
Cleaners 

Heat Treating Salts 


- « « for complete control and 
“hi-fidelity” results, time after 
time. 

Developed specifically for 
quenching only. For fast 
quenching, complete wetting- 
out, deep and uniform harden- 
ing and long ‘ife—Houghto- 
Quench can’t be beat. 


ro 


ALL SMASH HITS ! 


Hear them 
at Booth 1406 


XY 
POL a 


. “the coolest yet”. . . stays 


National Metal Show Sa = mint-fresh for life. 


New 100% Chemi-Cool Hocut 
237 cools, lubricates, prevents 
rust, stays mint-fresh for life— 

has already proved itself one 

of the most versatile, effective 
and economical coolants in 
metalworking. 


Chicago 
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. ». most famous names in rust 
... “in tune with 
the times’. 


Featuring polarized Rust Veto 
377—the economical, effective 
indoor rust preventive that pro- 
tects whether metal is dry or 
wet—actually raises water off 
metal to form a long-lasting 
protective film under the mois- 
ture. Effective, without staining, 
on all types of metal for as long 
as a year. 


Philadelphia « Chicago 
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ALL TOP 
PERFORMERS ! 


... “set the tempo” for modern 
heat treating. 
The precision quenching possi- 
ble with Houghton Mar-Temp 
Salts prevents distortion and 
cracking, yet insures the 
strength and hardening accu- 
racy necessary for precise per- 
formance and reliability. 


with your production processes. 
A full line of cleaners to speed 
and simplify industrial metal 
cleaning of all types. Includes 
Houghto-Clean 313-A, a pre- 
finish metal cleaner that cuts 
cleaning time and costs and 
eliminates need for special 
acid-resisting equipment. 


Get the full story on these all-star performers 
plus many oldtime Houghton favorites. Also, get 
the new Salt Bath Handbook, ready at Metal Show 
time. Call or write E. F. Houghton & Co., 303 W. 
Lehigh Avenue, Philadelphia 33, Pa. 
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count to ten... 


and then 


scream 


That shipment of high temperature alloys hits your receiving dock. Everything goes great. No pro- 
duction headaches. No kicks from the field. Your wife looks several years younger and the dog doesn’t 
growl at you any more. 


You reorder from the same company. Still no problems . . . except you can’t stop smiling while you 
shave. All told, you get nine separate shipments from this source. You're beginning to think high 
temperature alloy problems are the fantasies of fools. 


So you place order number ten. Same supplier. Same grade. Same everything . . . except this lot fails 
to get by the eagle eye of your inspector. You've got a real procurement problem. Schedules suffer. 
Now your wife looks twenty years older and the dog snaps at your heels and you would trade your 
favorite putter for a high temperature alloy you can count on. 


Carpenter hasn't come up with a cure for all your woes, but we have perfected a revolutionary new 
steelmaking process which minimizes variations from lot to lot. Called the MEL-TROL® process, it 
features a patented mold which reduces segregation of harmful impurities during solidification of the 
ingot. Result: you get clean, sound, tough metal from surface to centerline . . . in every bar... every 
time you order. 


Now predictable performance is yours for the asking. 


tool and die steels 
stainless steels 
electronic, magnetic and electrical alloys 
high temperature alloys 
[arpenter steel > 
tubing and pipe AP. 
fine wire specialties 70%, 


The Carpenter Steel Company, Main Office and Mills, Reading, Pa. 
Alloy Tube Division, Union, N. J. 

Webb Wire Division, New Brunswick, N. J. 

Carpenter Steel of New England, Inc., Bridgeport, Conn. 
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Extruded Uranium .. . 


tion and the (001) poles parallel to 
the transverse direction. When a 
bar with this texture was cold 
swaged, the texture degenerated to 
one with the (010), (150), (130) and 
(120) poles parallel to the original 
extrusion direction, but with the 
density of the (110) poles markedly 
reduced. The orientation of the 
(001) poles was much more stable to 
cold working. 

After recrystallization, the texture 
in the extrusion direction of the cold 
swaged rod shifted towards the 
(130) pole and was somewhat more 
degenerate than before recrystalliza- 
tion. As before, the orientation of 
the (001) poles was stable. 

The (110) hot extruded texture 
was completely destroyed by beta 
treatment and the grain orientations 
were nearly random. 

The results obtained are in agree- 
ment with predictions made by Cal- 
nan and Clews and with the experi- 
mental results of Mitchell and Row- 
land. The results are discussed in 
terms of the relative amounts of 
twinning and slip that occur during 
the deformation process. 

From the textures observed, the 
linear thermal expansion was calcu- 
lated and compared to measured 
values. Differences between the 
two values were found, but the dif- 
ference was only 2% in the case of 
the as-extruded metal, which is of 
course the least disturbed texture. 

W. C. WINEGARD 


Cobalt-Tungsten Carbide 
Alloys 


Carbo-Nitriding 
TYLER 4-5700 
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DETROIT 10, MICHIGAN 


Stainless 
43 YEARS OF ENGINEERING LEADERSHIP 


Brass 


Brazing 


Carbon-Restoration 


Normallizing 
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Malleable 


Annealing 


Aluminum 


Working With These Materials: 
For Any of These Processes: 


6545 EPWORTH BLVD. 


Digest of “Experimental Sur- 
vey of the Deformation of the 
Hard-Ductile Two-Phase Alloy 
System WC-Co”, by C. Nishi- 
matsu and J. Gurland, @ Pre- 
print No. 155, 1959. 


T™ PAPER is a study of the 

strength and deformation behav- 
ior at room temperature of alloys of 
cobalt and tungsten carbide over the 
entire range of the two-phase sys- 
tem. All alloys were prepared and 
mechanically tested by standard 
powder metallurgy techniques. Rep- 
resentative photomicrographs show- 
ing the nature of deformation and 
fracture for various compositions are 


presented in the paper. 
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solves stamping problems 


* « 

> 

e 


The cold formed stampings illustrated above are made from Great Lakes’ 
Steel Corporation’s GLX-W series of columbium steel. It clearly demonstrates 
the possibilities that are available to designing engineers. Here can be found 
high yield strength, with its possible weight reduction, good weldability and 
satisfactory impact properties. To be able to cold form these parts demonstrates 
the excellent properties to be had and points to possible production savings. 
Molybdenum Corporation, through its own basic research and in close cooper- 
ation with various steel companies, has pioneered in the application of columbium 
to flat-rolled steels. For technical assistance in adapting these steels to your 
production, consult direct with your steel supplier or address your communica- 
tion to MCA. No obligation, of course. 


MOLYBDENUON 


2 Gat Cent CORPORATION OF AMERICA 


Pittsburgh 22, Pa. 
Offices: Pittsburgh, Chicago, Los Angeles, New York, Son Francisco 
Soles Representatives: Brumiey-Donaldson Co., Los Angeles, Son Francisco 


y: gsten, Inc., 
Plants: Washington, Pa., York, Pa. 
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304 Stainless Steel; original 500 x, reduced 107%. 


NUMEC 


A metallurgical must 


for advanced materials development and production 


NUMEC’s Model 4 CVE fills today’s pressing needs for more 
precise interpretations of material structure. 


Advanced—produces high resolution of microstructure previously 
unattainable through standard techniques. 


Unique—enables easy, simultaneous preparation of dissimilar mate- 
rials not readily etched by conventional chemical or electrochemical 
techniques. A few of these are roll-bonded uranium, zirconium, 
niobium, hafnium, nitride-coated and cobalt stainless steels. 


Dependable— Uniform, reproducible results in less time with a 
minimum of effort. Eliminates the guesswork. 


Rugged—simple construction, thoroughly tested, designed for day-in, 
day-out trouble-free operation. 


VMA 6920 


See the Cathodic Vacuum Etcher at the Metals Show. Booth 1746 


Naclear Materials 
Apollo, Pennsylvania, U.S.A. 

ephone: GRover 2-8411 Cable “NUMEC" 


Equipment Corporation — 


Co-WC Alloys . 


The accompanying figure (Fig. 1) 
shows the effects of the volume per 
cent of the ductile cobalt matrix 
phase on the fracture strength of 
various alloys in tension and bend- 
ing. Near the cobalt end of the 
composition diagram, alloys fail 
through deformation of the ductile 
cobalt martrix; near the tungsten 
carbide end of the diagram, failure 


400 


8 


8 


Stress, 1000 Psi. 


Tension 


8 


2040 60 80 100 
Cobalt, %o 


Fig. 1 — Fracture Strength 
in Tension Bending 


is by cleavage of the brittle tungsten 
carbide phase. In intermediate com- 
positions, failure takes place by plas- 
tic flow of the matrix and fracture of 
the carbide particles. Dispersion 
hardening of the matrix by carbide 
particles causes restraint of the ma- 
trix, permitting high stresses to be 
carried by the carbide phase. The 
embrittlement of the alloys with 
large amounts of carbide is due both 
to the presence of a brittle phase and 
to the restraint of plastic deforma- 
tion of the ductile phase in contact 
with the rigid carbide particles. 


P. D. Frost 


Decomposition of 
Metastable Phases 


Digest of “Kinetics of Decom- 
position of Alpha Prime in a 
Titanium-Copper Alloy”, by 
M. P. Gomez and D. H. Polonis, 
@ Preprint No. 147, 1959. 


HIS RESEARCH was designed to 

develop fundamental information 
on the kinetics of decomposition of 
metastable phases in alloy systems 
— particularly nonferrous systems. 
(Previous fundamental work had 
been confined largely to iron-carbon 
alloys.) The investigators specifi- 
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Which picture you fit? 


Here are four actual customers* with different, but ex- 
acting product and technical needs. One uses Bridgeport 
rod in a range of alloys, the second Bridgeport strip. 
A third makes fasteners from Bridgeport Brass wire. 


“AUTOMATIC QUALITY,” says Customer A. “We've a high-volume, 
automatic screw machine operation. Our alloy needs vary from 
job to job. Our production schedules demand consistent quality alloy 
and accurate gauge. With every rod alloy we get from Bridgeport, 
we get what we order... including aluminum alloys!” 


“CONSISTENT GAUGE. We need Bridgeport quality brass wire to 
make thousands and thousands of fasteners of every description,” 
says Customer C. “High-speed, volume cold-heading production is 
only as good as the alloy wire that’s used. Bridgeport Brass wire is 
male to exact tolerances for cold-heading at high speeds—we 
depend on it.” 


These examples typify national metalworking opinions. 
There’s no mystery why manufacturers the country 
over depend on Bridgeport—Bridgeport products and 
service are close at hand. The many brass, copper and 
aluminum alloys made by Bridgeport in rod, tube, wire 
and strip are readily available from stocks in your area; 


The fourth company uses Bridgeport condenser tubes 
and Technical Service to produce quality heat ex- 
changers. Which picture do you fit with your raw 
materials and manufacturing requirements? 


CONMLS. They're one reason why we can depend on 

Bridgeport for strip,” says Customer B. “Superior surface finish 

from Bridgeport saves us production costs. With their Sendzimir 

mill finish and exact gauge and width in a coil, you can 


see the reasons why we depend on Bridgeport for brass, copper 
and aluminum strip.” 


“PRODUCT PLUS SERVICE,” says Customer D. “We manufacture heat 
exchangers for many applications. Our requirements include good 
technical and engineering service as well as a wide choice of brass, 


a and aluminum tube alloys. All of these are available from 
Bric geport.” 


*Names on request 


Bridgeport warehouses are located to make it easy for 
you to get what you want on time. Volume needs are 
mill-delivered. Your call to your nearest Bridgeport 
Sales Office, or a letter to Dept. 4105 will get you engi- 
neering and technical service. Try it, and you'll agree 
—you do fit into the picture! 


« BRIDGEPORT BRASS COMPANY 


Bridgeport 2, Conn. « Sales Offices in Principal Cities 
Specialists in Metals from Aluminum to Zirconium 
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Job report courtesy of 
Electric Steel Foundry Company, Portland, Oregon 


When nuclear applications 
call for stainless welds of highest quality 


WELD WITH ecos 


STAINLESS ELECTRODES 


This is part of a 3900 lb. stainless pump-volute casting for a sub- 
marine nuclear power plant. In the photo, a skirt is being welded 
to the casting using 5/32” dia. Arcos Chromend K Electrodes. 
To minimize stresses, a step-back and skip procedure was used. 
These welds conformed to Class I Navy radiographic standards— 
an indication of the dependability of standard Arcos electrodes 
for your stainless welding needs. ARCOS CORPORATION, 
1500 South 50th St., Philadelphia 43, Pa. 


Metastable Phases . . . 


cally attempted to correlate meas- 
ured activation energies, crystallo- 
graphic processes and microstruc- 
tures as related to the decomposition 
kinetics of transformed beta (alpha 
prime) in a titanium-copper alloy. 

In the present investigation, 
quenched and tempered specimens 
were examined by microscopic, X- 
ray diffraction, microhardness and 
electrical resistivity methods. Hard- 
ness and microstructural studies in- 
dicated two different but competing 
reactions during the tempering of 
alpha prime. One involved rela- 
tively rapid decomposition of alpha 
prime at former beta grain bound- 
aries, while the other concerned 
precipitation within the prior beta 
grains, with characteristics similar 
to a precipitation hardening reaction. 
Electrical resistivity values were used 
to calculate the fractional decompo- 
sition of alpha prime for each tem- 
pering time and temperature. Sev- 
eral reaction equations were applied 
to these data to determine the types 
of kinetic behavior descriptive of 
the decomposition reaction. From 
these data, the authors have con- 
cluded that the tempering of the 
alpha prime phase has characteris- 
tics, up to 60% transformation, of a 
log autocatalytic reaction such as 
has been used to describe decompo- 
sition of austenite in steels as well 
as some precipitation hardening re- 
actions. Beyond 60% (and espe- 
cially at higher temperatures), a Co- 
hen-type equation, similar to that 
applied to the first stage of temper- 
ing in steels could be used. 

The authors have suggested a 
mechanism for the tempering reac- 
tion which takes into account these 
equations and the following ob- 
served facts: 

1. Variation in resistivity result- 
ing from variation in state of strain 
in the matrix, variation in number 
and relative amounts of phases in- 
volved in the transformation, and 
depletion of solute in the alpha 
prime. 

2. Formation of most of the vis- 
ible precipitate at former grain 
boundaries. 

3. Continuous increase in hard- 
ness inside former beta grains, for 
some temperatures. 

4. Visible breakdown of marten- 
site plates. 


METAL PROGRESS 


236 
4 


5. Initially high reaction rate and 
a low growth coefficient value. 

6. Slight increase in reaction rate 
after transformation of the first 60%. 

The suggested tempering reaction 
mechanism include the following: 
Two processes occur at the begin- 
ning of tempering. Precipitation in- 
volving an age hardening-type reac- 
tion starts inside the prior beta 
grains, and precipitation at a much 
faster rate occurs at the former beta 
boundaries. The reaction within 
the beta grains involves coherent 
growth of the nuclei which are read- 
ily formed in the potentially nu- 
merous and highly strained inter- 
facial regions between alpha prime 
platelets. This reaction is probably 
growth controlled, with the growth 
stage involving the formation of a 
coherent precipitate. Precipitation 
at the former beta grain boundaries 
proceeds by direct particle growth 
without depending on nucleation, 
and apparently has a greater effect 
on the reaction in its initial stages. 
Coherent growth within the alpha 
prime grains becomes an important 
factor in the reaction only in its later 
stages. E. C. MILLER 


Oxygen Diffusion 
in Titanium 


Digest of “Diffusion of Oxy- 
gen in Alpha and Beta Titani- 
um”, by P. Roe, H. R. Palmer 
and W. R. Opie, @ Preprint No. 
159, 1959. 


IFFUSIVITIES of oxygen in alpha 
and beta titanium were deter- 
mined using microhardness data as 
measures of oxygen content. The 
samples used were %4-in. diameter 
cylinders, 1 in. long, of commercially 
pure titanium analyzing 0.09% O, 
less than 0.1% N, and 0.01% H. 
These were abraded, degreased, and 
packed tightly in TiO, powder with- 
in a quartz combustion crucible. 
The crucible was heated in a 
nickel bomb containing an argon 
atmosphere. Diffusion was meas- 
ured by cutting and polishing a 
transverse section of the specimens 
midway along the long axes. These 
sections were examined metallo- 
graphically and microhardness meas- 
urements made adjacent to the 
surface of the bar and at a known 
distance from the surface. 
Specimens to determine diffusivity 
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Job Report Courtesy of 
Southwest Welding & Mfg. Division, 
Yubo Consolidated industries, inc., Alhombra, Calif. 


When strong welds are needed 
to resist impact at minus 320°F 


STAINLESS ELECTRODES 


This six-section spherical liquid oxygen container is made of 
Type 321 stainless steel. Walls 414" thick were required to with- 
stand 3000 psi pressure. To assure crack-free welds to meet 
ASME impact properties at —320°F, it was welded with Arcos 
Chromend 19/9Cb-LC electrodes with controlled ferrite. The 
first time —and every time you use Arcos electrodes—you get 
top performance, save time, and money. ARCOS CORPORATION, 
1500 South SOth St., Philadelphia 43, Pa. 
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“Rotoblast Steel Shot 
cuts abrasive costs in half!” 


Rotoblast 
Steel Shot 
reduces 
abrasive 
consumption 
more than 
90% at 
Atlantic Steel 
Castings 


“Talk about a rugged cleaning job!’’ says Mr. 
William Burrows, Plant Manager, Atlantic 
Steel Castings Co., Chester, Pa. “Our castings 
are carbon and low alloy steel, running as big 
as eight tons each. We used to think we had a 
good abrasive until we tried Rotoblast Steel 
Shot. Our tests proved (and we double-checked 
them to make sure) that Rotoblast cut our shot 
consumption per wheel hour to less than half. 
That means our abrasive costs are cut exactly 
in half! Also we’ve found that Rotoblast gives 
us the kind of finish that our customers in the 
railroad, steamship, steam turbine* and auto- 
motive industries demand.” 
Prove Rotoblast’s cost- 
cutting qualities in your plant. 
To arrange a trial, talk to 
your Pangborn man or write 
PANGBORN CORPORATION, 
1800 Pangborn Blvd.,Hagers- 
town, Md. Manufacturers of 
Blast Cleaning and Dust Control ROTOBLASY 
Equipment — Rotoblast Steel iM da 
Shot and Grit. 


“The toughest castings in industry to clean. 


ROTOBLAST° 
STEEL SHOT 
AND GRIT 


D x 10° Sq. Cm. per Sec. 


Oxygen Diffusion . . . 


in beta titanium were oxidized be- 
tween 1700 and 2070° F. for 6 to 
27 hr. These specimens had a case 
of untransformed alpha and a core 
of transformed alpha. Microhard- 
ness measurements were made along 
an area of the transformed alpha, 
which had been beta at the diffusion 
temperature. 

The results are plotted in the ac- 
companying figure, and from these 
data the following equation was de- 
veloped for diffusivity of oxygen in 
beta titanium: 

Dg = 3.14 sq. om. 
r sec 

These diffusivity data were com- 
pared with measurements of the rate 
of diffusion of oxygen outward from 
small cubes of titanium containing 
originally 0.43% O. These cubes 
were held at 1830 to 2100° F. in a 


Temperature, °C. 
1200 1000 800 700 
T 


4 T T T TT 
| 
| 
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1.0 4 
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© Outward Diffusivity 
0.01 | 
60 70 8.0 9.0 10.0 11.0 
1/T (°C) x 10° 


Fig. 1 — Diffusivity of Oxygen 
in Alpha and Beta Titanium 


bath of calcium sealed in an argon- 
filled nickel bomb, the purpose of 
the calcium being to absorb the 
oxygen as it diffused out of the 
cubes. The white points in the 
figure show the outward diffusion 
rate data. Similar deoxidation ex- 
periments were conducted on small 
samples of unalloyed titanium sheet. 
Fairly close predictions were made 
of the amount of oxygen that would 
be removed by the calcium treat- 
ment, based on the diffusivity data. 

The diffusivity of oxygen in alpha 
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titanium was determined by the 
same technique used for beta tita- 
nium, except, of course, lower tem- 
peratures and longer times were 
used. The results are also plotted 
in the accompanying figure and the 
equation developed was as follows: 
Da = 5.08 sq. om. 
per sec. 

The authors point out that the 
data developed in this work are only 
semiquantitative because no concen- 
tration gradients were actually de- 
termined and the effects of impuri- 
ties, grain boundaries, and grain 
orientation were not considered. 
However, the diffusivity data were 
in fair agreement with the results of 
the actual deoxidation experiments. 

P. D. Frost 


Aging and Notch Fatigue 
in Aluminum 


Digest of “A Study of the 
Relationship Between State of 
Aging and Notch-Fatigue Per- 
formance of a High-Stren 
Aluminum Alloy”, by G. A 
Form, @ Preprint No. 126, 1959. 


HIS PAPER presents the results of 

an investigation aimed at estab- 
lishing the relationship between 
fatigue performance of notched 
specimens and state of aging in a 
duralumin-type alloy (2014 alloy). 
The tests were performed on an 
axial-load fatigue machine under a 
stress of 28,500 psi. at room tem- 
perature and at —110° F. 

It is well established that the 
high-strength aluminum alloys owe 
their excellent static strength prop- 
erties to controlled precipitation 
from a supersaturated solid solution. 
Unfortunately, these high _ static 
strengths are not of much benefit in 
structures subjected primarily to 
cyclic stresses because the ratio of 
fatigue to static strength of these 
alloys is comparatively low. A num- 
ber of researchers have studied this 
problem in the last few years, and all 
have decided that the poor response 
of high-strength aluminum alloys 
is due to overaging promoted by 
cyclic stresses. Although there is 
evidence that lends support to the 
“overaging theory”, it is by no means 
conclusive. The concept of the 
“overaging theory” is based on the 
thermodynamic instability of high- 
strength aluminum alloys, and im- 
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ROTOBLAST CUTS 
CLEANING TIME 70%! 


Rotobiast 
reduces 
cleaning time 
from 15 minutes 
per load 

to 4/2 minutes 
at Buckeye 
& Brass 


Toreduce costs and still keep up production 
schedules, Buckeye Iron & Brass Works, 
Dayton, Ohio, replaced its centrifugal 
blast cleaning barrel (which is still in good 
operating condition) with an automated 
6’ Pangborn Rotoblast Barrel. The result: 
cleaning time was cut from 15 minutes per 
load to 4% minutes! 

Through automation, the Rotoblast Bar- 
rel has also saved the company the cost 
of one full-time operator and has proved 
economical in terms of maintenance. In 
seven months, no repairs or replacements, 
other than vanes, have been necessary! 

For full details on how Pangborn Roto- 
blast can save you money, write for Bulletin 
706 to PANGBORN CORPORATION, 1800 
Pangborn Blvd., Hagerstown, Md. Manu- 
facturers of Blast Cleaning and Dust Control 
Equipment—Rotoblast Steel Shot and Grit. 


CLEANS IT FAST WITH 
ROTOBLAST 
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Aluminum .. . 


plies that precipitation is accelerated 
by the action of alternating stresses. 
However, there is ample evidence to 
show that plastic deformation may 
accelerate or decelerate the aging 
process. Which tendency predom- 
inates depends on the thermo- 
dynamic and mechanical stabilities 
of the alloy. These, in turn, depend 
upon the time and temperature at 
which prior aging was performed 


Table I ~ Room Temperature Tests 


Acinc TIME AT STRENGTH: 
340° F. Y1£ELD STRENGTH AVERAGE LIFE 
% hr. 45,000 psi 1.59 97,370 cycles 
52,000 1.83 99,640 
2 | 63,000 2.22 40,670 
7 75,000 2.64 39,690 
48 64,000 2.24 37,110 


and on the temperature of 
working. 


Extruded 2014 alloy was a judi- 


At the Metal Show... 


CINCINNATI SUB-ZERO PRODUCTS 


will exhibit its equipment for 


shrinking, testing, stabilizing metals 


See ultra low temperature equipment for 


stabilization of alloy steels . . 


improving 
magnetic qualities . . . normalizing castings 
to eliminate distortion and costly grinding 
operations, reduce production costs. 


Production chilling 
of stabilizing shafts 
utilizes this Cincin- 
nati Sub-Zero unit, 
with temperature 
range of -70 to 
-150°. Chills 150 Ibs. 
of steel hourly . . . 
4000 BTU/hr at 
-120°F. 


Write for full-line 
catalog. See our 
exhibit . . . Booth 
1756 


’ Member: Environmental Equipment Institute 


CINCINNATI 
SUB-ZERO PRODUCTS 


General Office & Plant 
3930-R-9 Reading Rd. 


@ Cincinnati 29, Ohio 


cious choice of material for this 
investigation because it requires 
artificial aging to reach maximum 
hardness, and furthermore, it can be 
readily stabilized against precipita- 
tion at ambient temperature. This is 
clearly shown by Fig. 1. 

In spite of this apparent thermo- 
dynamic stability, the results of 
notch fatigue tests both at room 
temperature and at —110° F. (ob- 
tained under a stress of 28,500 psi.) 
show that the fully hardened mate- 
rial performs much more poorly in 
notch fatigue tests than the soft 
material. This, despite the higher 


180 

Hr. 

16 
140}- 
12 = 

‘4 

= Room-Temperature 

* 80 Aging Only | 
= 1 10 100 500 


Aging Time at Room Temperature, Hr. 


Fig. 1 — Effect of Room Tempera- 
ture Aging on Hardness of Sam- 
ples Previously Aged at 340° F. 


ratio of static yield to applied cyclic 
stress in the case of the fully hard- 
ened state. These results of room 
temperature tests are summarized 
in Table I. 

Figure 2 shows a similar trend in 
impact energy as a function of aging 
time. 

Metallographic examination of 
specimens from interrupted fatigue 
tests led the author to the conclusion 
that the superior fatigue perform- 
ance of lightly aged specimens is a 
result of a higher resistance to both 
crack formation and crack propaga- 
tion. Microhardness measurement of 
fully hardened material revealed 
that very soft regions are present 
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How a Shrink-Fit E-x-p-a-n-d-s Profits 


with TOCCO™ Induction Heating 


In the assembly of motor-compressors for their brazing, heat-treating, forging or melting, look to 
air conditioning and refrigeration products, Cope- © TOCCO for an economical solution to any metal- 
land Refrigeration Corporation formerlyemployed _ heating problem. 
air presses for force-fitting their 1/5 HP through 
1% HP motor housings and stators. This method 
was costing Copeland $100,000.00 annually in 
labor, material and quality control expense to 
maintain the high quality of its product. 


TOCCO Shrink-Fit Method 
To reduce these costs, Copeland installed a 30 kw, 


10,000 cycle TOCCO Induction Heating Unit. Mail Coupon Today — NEW FREE Bulletin 
Motor housings are heated to 400°F. resulting in 


The Ohic Crankshaft Co. + Dopt. R-10, Cleveland 5, Obie 
up to .013” expansion. After cooling, the motor Please send copy of “Typical Results of TOCCO Induction Heating — 
housing shrinks to form a predictable and perfect 


enand 


| 

Principles, Applications, Equipment.” 
fit with the stator. Stator scoring and distortion : Name 

| 

| 

= 


are eliminated and $100,000.00 annual saving 
realized. 

Whether your production problem is shrink- 
fitting or higher temperature applications such as 
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Aluminum .. . 


even before cyclic stressing; devis- 
tions from the mean hardness as high 
as 50% were recorded. 

The author concluded that the 
structural inhomogeneity is the im- 
portant factor in the lack of corre- 
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an extent that its capacity for plastic 
deformation in the presence of a 
stress-raiser is seriously impaired. 


Fig. 2— Impact Energy as a Func- 
tion of Aging Time at 340° F. 


lation between static strength and 

fatigue behavior of high-strength 200} - | 
aluminum alloys. High static yield <5 

or tensile strength of the bulk alloy  '60/-——— Room Temperature 
is of little significance in cyclic stress- > 

ing if the structure contains weak 
spots which have a resistance to plas- 80 F. 

tic deformation of the order of one 3 60 | .< TR ree 
half that typical of the bulk material, 6 ©! = 1.0 10 100 
and if the latter is embrittled to such = Aging Time at 340° F., Hr. 


Controller—at last attacks the probl 
in high speed band sawing. 

This simple, but effective elect chani id. system 
invented and developed by MARVEL, ance “steers” a band 


ey Designed as an integral part of, and available only in the new 


GUIDANCE ; ) MARVEL 81 Series All Hydraulic Band Saws, the “Sure-Line” 


guidance system continuously senses and automatically 


/ square inch of cutting life is squeezed out of each blade. 
eee SECRET 


A new MARVEL invention——the “Sure-Line” Autematic Blade 
of 


The result: longer blade life, and cutting costs lowered to a 
point that makes high speed production cutting-off with a 
band saw economically practical. 

A demonstration of the new MARVEL No. 81 All Hydraulic 
Band Saw will prove it. Write today for the complete story, 
and ask about a demonstration. 


*¢§ E ALE AUTOMATIC BLADE CONTROLLER 


ARMSTRONG-BLUM MFG. CO. 5700 W. BLOOMINGDALE AVE+ CHICAGO 39, ILLINOIS 


It should be possible to reduce the 
adverse effect of these soft or weak 
areas, and thus improve the fatigue 
performance of fully hardened 
specimens through suitable mechan- 
ical and thermal processing or close 
control of the chemical composition, 
or both. T. E. Leontis 


Columbium-Oxygen 
System 


Digest of “Columbium-Oxygen 
System”, by Rodney P. Elliot, 
@ Preprint No. 143, 1959. 


HIS PAPER makes a_ significant 

contribution to the metallurgy of 
high-temperature materials by pro- 
viding those interested in columbium 
with a well-authenticated equilib- 
rium phase diagram of the colum- 
bium-oxygen system. In investiga- 
tions of phase equilibria, the purity 
of the starting materials is of utmost 
importance; in the case of colum- 
bium, the problem of purity is of 
particular concern because of its 
ability to “getter” oxygen. For this 
investigation, the author used a 
special-grade columbium, refined by 
an electron bombardment melting 
technique which eliminates virtually 
all oxygen, nitrogen, hydrogen and 
carbon when present in amounts less 
than oxygen, as well as metallic 
impurities of low vapor pressure. 
The effectiveness of this refining 
process in removing interstitials is 
evidenced by a comparison of hard- 
ness: arc-melted columbium has a 
Vickers hardness of 141 compared 
with 55 after refining. The alloys 
were made by arc melting the pure 
columbium with high-grade Cb,O, 
especially processed to minimize 
metallic impurities. 

The phase boundaries were de- 
termined by metallographic structure 
analysis, and excellent photomicro- 
graphs of the various structures are 
presented. The salient features of 
the diagram are as follows: (a) the 
three oxides of columbium, CbO, 
CbO, and Cb.0,, have negligible 
solid solubility and melt congruently 
at 1945°, 1915°, and 1495° C. (3530, 
3480, 2725° F.); (b) a eutectic re- 
action occurs at 1915° C. (3480° F.): 

Liquid 9.5% 0 + CbO 
and another at 1810° C. (3300° F.): 
Liquid *CbO + CbO,; 
(Continued on p. 248) 
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CONTROLLED QUENCHING FOR CONTROLLED 
QUALITY...JOB-TAILORED BY Ba G 


B&G Quenching Systems help you maintain uniform 
quality of heat-treated parts—cut substandard rejects 
—by accurately controlling the temperature of quench- 
ing oil. 

For batch or continuous quenching, a job-tailored 
B&G Quenching System circulates oil at high velocity 
and turbulence through the quench tank; strains it, 
cools and recirculates it—and holds it at specified tem- 
perature throughout the quench period. Result: Uni- 
form quality parts. 


However large or small your heat-treating operation 
may be, B&G can furnish a self-contained, fully auto- 
matic quench oil cooling unit. It will arrive ready to go 
to work—your only responsibility is to connect to the 
quench tank and water lines. (The system is movable, 


B&G Controlled Oil Quenching System helps maintain uni- 
too, in the event of layout changes. ) Or, if you prefer, form quality of heat treated parts in Chrysler Corporation 


you can purchase the components and assemble them Automatic Transmission Plant, Indianapolis, Indiana. 
on the job. Either way, our engineering department’s 
help is always available. 


Write for this readable, informative 
combined Catalog and Selection Manual 
on B&G Self-Contained Oil Coolers. 


OIL QUENCHING 


SYSTEMS 


Reg. U.S. Pat. Off. BELL & GOSSETT COMPANY 


Dept. FX-16, Morton Grove, Illinois 
Canadian Licensee: §. A. Armstrong Ltd., 1400 O'Connor Drite, Toronto 16 
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From General Electric . . . 


with complete atmosphere control 


GENERAL ELECTRIC OFFERS NEW ATMOSPHERE 
PRODUCERS FOR ELECTRIC AND GAS FURNACES 


A complete line of new General Electric Exalene, Neutralene, 
Thermalene, and Ammalene atmosphere producers are avail- 
able in “packaged” units. They’re pre-piped, pre-wired and pre- 
tested to simplify and speed installation. And these attractive 
G-E producers give you ease and economy of operation and 
maintenance . .. measures of General Electric dependability. 


G-E atmosphere producers can save you money ... in produc- 
tion costs, because protective atmospheres prevent oxidation 
and decarburization. Costly machining is eliminated, and your 
product’s quality is often improved. Material cost is less since 


you can produce your own low cost substitutes for hydrogen 
and nitrogen, 


Flexibility, another money saving General Electric feature, 
provides for adjustment and control of the gas composition . . . 
you get just the mixture you need for the application. 


When you purchase General Electric protective atmosphere 
equipment, you get the right equipment properly installed. 
And you can be sure that expert General Electric engineers, 
and service facilities are as near as your phone. 


For more information, contact your nearby G-E Apparatus 
Sales Office. or write Section 721-27, General Electric Co., Sche- 
nectady 5, New York. 


GENERAL 


NEUTRALENE PRODUCER for purified exothermic gas. This economical G-E 
equipment cvailable to 20,000 cfh. Also available with CO removal equipment. 


EXALENE PRODUCER for exothermic gas, lowest 
cost, most widely used gas, to 30,000 cfh. 


THERMALENE PRODUCER for endothermic gases 
to 3600 cfh with minimum of main e. 


AMMALENE PRODUCER for low-cost, high-purity 
hydrogen substitute to 8000 cfh. 


a 


Cast Iron-Foundry use of controlled atmosphere includes this 
Gas Atmospheres 4,000 cfh nitrogen plus 75 p.p.h. carbon di- 
oxide producing generator. The nitrogen is used in heat- 
treating of castings while the CO, is used for core and mold 
forming. 


Stainless-Carbon Sheet and Strip are control-annealed Brass, Copper and Aluminum mill products produced 
at McLouth Steel Corporation under perfect annealing by the Scovill Manufacturing Company are brought to 
atmospheres produced by eight highly efficient 8,000 cfh exacting specification through the use of exothermic 
Gas Atmospheres annealing gas generators. gas produced in Gas Atmospheres generators. 
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Makers and Fabricators... 


Gas Atmospheres engineers industry’s most 
complete line of “Packaged” Gas Generators 


Originators and leading producers of packaged 
gas generation systems, Gas Atmospheres now 
offers the metal producing and processing 
industries the most complete line of compact 
atmosphere gas generators available. 


Demand for better quality metals means more 
exacting control of manufacturing and fabricating 
processes. Gas Atmospheres engineers have 
worked with many leading metal producing and 
fabricating companies to engineer and provide 
the most exacting atmosphere systems possible. 


If controlled atmospheres are part of your 
future—why not deal with the leaders—call in 
your Gas Atmospheres representative soon. 


New Hydrogen packaged gas generation systems have been 
thoroughly tested and are now available where pure hydro- 
gen gas is required. Those interested in this outstanding 
new development should write for futher information. 
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You get unsurpassed experience, too, 
when you call Gas Atmospheres 


Partial List of Gas Atmospheres 
Metal Producing and Fabricating Customers 


Acme Steel Company 
Aerojet-General Corporation 
Alan Wood Steel Co. 
American Brass Company 
American Screw Company 


American Smelting and 
Refining Company 


American Steel & Wire 
Armco Steel Corporation 
Bethlehem Steel Company 
Bridgeport Brass Company 
Chase Brass & Copper Co., Inc. 
Colorado Fuel & Iron 
Continental Steel Corp. 
Copperweld Steel Co. 

Detroit Steel Co. 

Douglas Aircraft Co., inc. 
Goodyear Aircraft Corp. 
Granite City Steel Co. 
Holo-Krome Screw Co. 

Hughes Aircraft Co. 
International Nickel Co., Inc. 
Johnson Bronze Co. 

Jones & Laughlin Steel Corp. 
Kaiser Steel Corporation 
Keystone Steel & Wire Company 
Lamson & Sessions Co. 
Lycoming Div. of AVCO Corp. 


20011 LAKE ROAD, CLEVELAND 16, OHIO 


Mallory-Sharon Metals 
Martin Aircraft 

McLouth Steel Corp. 

North American Aviation, Inc. 
Phelps Dodge Refining Corp. 
Piasecki Helicopter Corp. 
Pratt & Whitney Aircraft Div. 
Republic Steel Corp. 

Revere Copper & Brass, Inc. 
Reynolds Metals Co. 
Roebling, John A., Sons Co. 
Rome Strip Steel 


Russell Burdsall & Ward 
Bolt & Nut Co. 


Scovill Manufacturing Co. 
Sheffield Div. of Armco Corp. 
Solar Aircraft Co. 
Stanley-Yankee Tools, Inc. 


Thompson Ramo Wooldridge, 
Inc. 


Torrington Company 

U. S. Steel Corporation 

United Aircraft Corp. 
Universal-Cyclops Steel Corp. 
Wallace Barnes Co., Ltd. 
Washburn Wire 

Waterbury Rolling Mill 
Youngstown Sheet & Tube Co. 


gas ine 


equipment for producing industrial gases 
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35,000 Specimens... 
105,000 Photomicrographs... 


Not One Breakdown 


Metallurgist Byron Carns says: 


“In the past five years at Kennametal, our AO Research 
Metallograph has been operated at a minimum expendi- 
ture with regard to maintenance and repairs .. . some 
35,000 specimens were examined and over 105,000 
photographs taken for permanent records.” 


Kennametal Inc. of Latrobe, Pa. produces cemented carbides, tantalum, niobium 
and high temperature alloys. Their lab is a busy place and their AO Metallograph 
2400P has to produce a photomicrograph on the average of every six minutes. The 
AO Metallograph is constantly in use on research and development as well as the 
routine control work that floods every industrial laboratory. 

Talk to people like Byron Carns! You'll find that the AO Metallograph is de- 
signed for maximum efficiency. You perform every operation while sitting com- 
fortably at a modern desk. You compose the picture on a screen directly in front 
of you .. . the camera is focused automatically while you examine the specimen 
through the microscope. You can take notes, change magnifications, orient speci- 
mens, make exposures . . . all with unbelievable speed, ease and precision. 

Write NOW for the complete AO Metallograph story! Learn how the AO 
“Workhorse” can earn its keep in your laboratory. 


Dept. V119 
Please send me information on the LABORATORY 
WORKHORSE... the AO METALLOGRAPH. 


American Optical 
Company 


INSTRUMENT DIVISION, BUFFACO 15, NEW 


ADDRESS 
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Columbium-Oxygen . . . 


(c) a peritectic reaction at 1510° C, 
(2750’ F.), Liquid ~ 9 + CbO, 
~Cb.0O,, is proposed, but the ex- 
perimental evidence is inconclusive 
and this portion of the diagram 
needs further study. The solid solu- 
bility of oxygen in columbium is 
0.25 at 500°C. and increases to 
0.72 at the eutectic temperature 
(1915° C.) 

X-ray studies confirmed the crystal 
structure of CbO as simple cubic, 
with a lattice parameter of 4.210 A. 
No allotropy was detected in Cb,O,,. 

H. H. Cuiswik 


Fractures in Forgings 


Digest of “The Influence of 
Pre-Existing Sharp Cracks on 
Brittle Fracture of a Ni-Mo-V 
Forging Steel”, by E. T. Wessel, 
© Preprint No. 173, 1959. 


Te EFFECT of a cleavage crack on 

the transition from brittle-ductile 
behavior was examined in specimens 
of a typical rotor steel. In cylin- 
drical specimens, both notch and un- 
notched, brittle cleavage fracture 
does not occur at the low stresses 
and moderate temperatures encoun- 
tered in service. If, however, one 
forms a cleavage crack in a speci- 
men, this crack will propagate in a 
brittle manner if the specimen is 
then stressed at much lower average 
stresses and higher temperature than 
for ordinary notched specimens. For 
the particular 3% Ni, 0.50% Mo, 
0.1% V steel which has a 50% duc- 
tile transition temperature of —60° 
F. unnotched and + 200° F. notched, 
brittle failure occurs at +250° F. 
for cracked specimens. Concur- 
rently, the stress required to initiate 
fracture drops to less than 67% of 
that of the normal yield strength. 
The rapid decrease in the strength 
in the crack notch test occurs in the 
same temperature range as the de- 
crease in energy absorption in a 
Charpy V-notch test. Similar com- 
parisons can be made on the basis 
of fracture appearance. 

The values of critical crack ex- 
trusion force G, can be calculated 
for the crack notch test and are 
found to be somewhat lower than 
for notched rotating disks. This 
difference is probably related to the 
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METALS 


METALGRAMS 


« « « news about metals me 


Electromet brond ferrcolloys, 
pure metals and metal chemicols 


Purity previously unattained commercially is now available in Union 

Carbide Metals‘ high-puri chromium. This product was introduced in 1958 in 

response to the requirements of nuclear energy development and high-temperature 

alloy research. Union Carbide Metals can now offer high-purity chromium having a 
otal ity level as low as 300 - The newest of the 44 grades of "Electromet" 

chromium is available in semi-commercial quantities at considerably less than 

the price of iodide chromium. Write for Data Sheet CR1-MP-3. 


Acetylacetonate derivatives of the transition metals (for example, 
chr » ium, cobalt, manganese, vanadium, iron, and nickel) have recently been made 
available in research quantities by Union Carbide Metals. These "Electromet* 
acetylacetonate compounds provide a convenient means of putting the metals in 
solution in organic systems; the compounds are chelated, non-ionizing substances, 
Slightly soluble in water. They form solutions which are neutral and resistant to 
hydrolysis. The acetylacetonates are available in the form of pure, crystalline 
powders of medium bulk density. Bulletin AA1-MP-3 gives details. 


Time-saving mixes, having proved their worth in the kitchen, have 
now moved into the metallurgical field. Examples of this concept are Union 

Carbide Metals’ more than 15 titanium alloy addition agents. The first of 

these was 85% vanadium-aluminum, developed in 1954 to expedite commercial 

production of the high-strength 6 Al-4V titanium. The list now includes a 
tantalum-columbium—aluminum combination for the new 8-8-1 alloy. Data Sheet AT1-MP-3. 
* * * 


Among the Union Carbide Metals family of oxides are columbium and 
tantalum oxides. Both have high dielectric constants useful in electronics. 
Columbium oxide is also an intermediate material for producing compounds with 
great hardness and high melting point. Tantalum oxide is a source for tantalum 
carbide, a cutting tool additive which increases resistance to abrasion and 
oxidation. Send for Data Sheet OX1-MP-2 


Substantially improved specifications for vanadium metal, particularly 
as regards gaseous impurities, have been announced by Union Carbide Metals 

Company. Through the use of improved production methods, hydrogen content 

has been cut by 90 per cent and nitrogen and carbon contents by 50 per cent. 
Analyses of 500- and 1000-pound lots show that the sum of carbon, oxygen, hydrogen, 
and nitrogen is in the range of 0.1 per cent. Write for Bulletin VM1-MP-3. 


* 


Stainless steel shapes of more than 95 per cent theoretical density 
have been made from Union Carbide Metals’ new stainless steel powder. The 
composition of the powder is similar to Type 316 or CF-Mo alloys. Mechanical 
properties of the sintered shapes closely approach those of wrought shapes. 
Union Carbide Metals field consultants, working with metal powder fabricators, 
are developing the promising potential for this stainless steel powder in 
many uses, including gears, bushings, and other shapes exposed to aggressive 
corrosion environments. Data Sheet SS1-MP-3 gives additional information. 

* 


Union Carbide Metals Company, Division of Union Carbide Corporation, P. 0. 
Box 330, Niagara Falls, N. Y. Im Canada: Union Corbide Canada Limited, Toronto. 


The terms ‘‘Electromet’’ and ‘‘Union Carbide’’ are registered trade marks of Union Carbide Corporation 
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Let’s Talk: About 
Vacuum Crucible... 


WHAT DOES QUALITY MEAN IN LESS “DOWN TIME,” 
ADDED “PRODUCTION” AND “SAFETY” 
AND HOW DOES ZAK GET IT? 


“Engineering Manufacturers For Industry” 


MACHINE WORKS, INC. 
TROY (GREEN ISLAND) NEW YORK 


COPPER 
JOLNTS 


WELDED 


First of all, we know that 
with copper weld construc- 
tion of vacuum crucibles 
or ingot molds, strength, 
thus quality, is built far in 
excess of that obtained 
from obsolete methods of 
bonding copper to copper, 
copper to steel, copper to 
stainless. This strength 
gives added safety and pro- 
tection through the ability 
of our products to with- 
stand higher temperatures. 
“IN PLANT” TEST- 
ING FOR QUALITY 
Secondly, all of our cruci- 
bles are “in plant” tested 
for pump down and leak 
rate, measured in microns 
and certification of the test 
is issued with delivery. 
ZAK QUALITY 
CRUCIBLES 


Give longer life; more pro- 
duction; safety and pro- 
tection under production 
schedules that ‘break down’ 
ordinary crucibles. 
QUOTE! 


Check with us before you 
order. Vacuum equipment 
for special applications in 
melting, annealing, proc- 
essing. Vacuum furnaces. 


Forging Fractures . . . 


greater sharpness present in the 
crack notch. In specimens where the 
effect of a saw cut and a crack were 
compared, the fracture always origi- 
nated at the crack. In making a 
comparison of these data or in apply- 
ing the values to service applications, 
the effect of section size must also 
be considered. The results do indi- 
cate that pre-existing cracks can 
greatly reduce the strength of a 
simple structure and change the 
mode of crack propagatica from 
ductile to brittle. R. W. Guarp 


Boron in Casting Alloys 


Digest of “The Role of Boron 
in Cast Austenitic Alloys”, by - 
Wayne Kraft, Jr., and R. A. 
Flinn, © Reprint No. 133, 1959. 


1959. 

AS THE AMOUNT of boron in a cast 

20% Cr, 18.5% Ni austenitic iron 
alloy is increased from 0.1 to 1.5%, 
the quantity of borides present as a 
grain-boundary eutectic increases. 
The phases present in this structure 
are identified as (Fe-Cr).B and CrB 
by X-ray diffraction examination of 
extracted residues. These borides 
give an increase in strength at room 
temperature, but ductility is lowered 
because of cracking at the boride 
phase during deformation. 

During rupture testing at 1500° 
F., the fracture proceeds by the 
growth of microcracks in the matrix 
itself. Consequently, the effect of 
borides is to increase the strength 
with little decrease in ductility. A 
very fine boride precipitate occurs 
during rupture testing; it is probably 
responsible for some of the increase 
in creep resistance. The precipita- 
tion process occurs only in stressed 
specimens and its effect is further 
enhanced by an anneal at 2200° F. 
prior to testing. Pretreatment re- 
duces the tendency to microcracking. 

The effect of boron in the quanti- 
ties studied is different than the 
effect observed by Decker, Rowe 
and Freeman (NACA TN4049) for 
much smaller amounts. In the latter 
instance, borides themselves had lit- 
tle to do with the remarkable im- 
provements in properties since the 
quantities present were much lower. 

R. W. Guarp 
(More digests on p. 256) 


METAL PROGRESS 


: g In ot Mold eee Qualit eee 

\ | 

\ 

250 


1600 


Heat-treating facilities are part of the 


complete metallurgical services avail- 
able at Haynes Stellite Company. 


OCTOBER 1959 


Address inquiries to Haynes Stellite Company, 420 Lexington Avenue, New York 17, N. Y. 


Boring into the Heat Barrier * 


) ae high centrifugal forces, plus prolonged operation well 
above 1700 deg. F.! That’s the achievement of thousands 
of jet engine turbine wheels and blades investment-cast of HAYNES 
high-temperature alloys. 
Resistance to stress, to thermal shock, to erosion, corrosion, 

and to fatigue are typical properties that make these alloys 
so extremely useful in many of the hot spots in today’s jet engines, 
ramjets, missiles, and rockets. 

Whether investment- or sand-cast, wrought, vacuum melted, or air 
melted, there’s a HAYNEs high-temperature alloy to meet your needs, 


TANS 


HAYNES STELLITE COMPANY 
Division of Union Carbide Corporation 
Kokomo, Indiana 


“Haynes” and “Union Carbide” are registered trade-marks of Union Carbide Corporation. 
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lron Fireman says: 


“We hold difficult worm shafts straight to within 


That's the report from Stanley J. Kovac, Chief Produc- 
tion Engineer of Iron Fireman Manufacturing Com- 
pany, Cleveland, Ohio—makers of the well-known Iron 
Fireman industrial and domestic oil burners. 

“One of the toughest jobs in our department is the 
heat treating of worm drive shafts for our industrial 
furnace units,” says Mr. Kovac. “Screw threads and 
other profile changes in these shafts create many vari- 
ations in diameter, from 134” down to 1’’—setting up 
the danger of corkscrewing. 

“Our maximum out-of-straight limit on these shafts 
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is .030”. But with Gulf Super-Quench in the bath we 
hold straight to within .020” on the average. This 
amounts to considerably less distortion than we experi- 
enced before we switched to Super-Quench. 

“We not only get less distortion with Gulf Super- 
Quench,” adds Mr. Kovac, “but scale formation is 
reduced to practically zero, eliminating the need for 
sand-blasting. We also maintain the required depth 
and uniformity of hardness.” 

These excellent results with Gulf Super-Quench can 
be traced directly to its unique dua/l-action properties 
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.020’ with Gulf Super-Quench” 


... high initial quenching speed in the critical harden- 
ing range .. . slow cooling in the final distortion range. 

“The choice of this dual-action quenching oil,” says 
Mr. Kovac, “has paid off in all our heat treating opera- 
tions, including special contracts for heavy forgings in 
military applications characterized by extreme changes 
in mass and section.” 

How about your quenching operations? See how you 
can cut rejects and increase profits with Gulf Super- 
Quench. For complete information call a Gulf Sales 
Engineer at your nearest Gulf office. 
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These heavy duty worm shafts, cooled to uniform hardness in Gulf Super- 
Quench, drive the basic components in Iron Fireman industrial units. Of 
5140 steel, they are 236" long, with diameters varying from 154" to 1", 


Stanley J. Kovac, left, Chief Production Engineer of lron Fireman Manufac- 
turing Company, shows T. F. Irving, Gulf Sales Engineer, an Iron Fireman 
Rotary Oil Burner, in which the components are driven by worm shafts. 


shafts is the payoff with Gulf Super-Quench in this circulating overflow 


One-third less distortion and deeper, more uniform hardening of worm 
4 quench bath at Iron Fireman Manufacturing Company, Cleveland, Ohio. 


GULF OIL CORPORATION 
Dept. DM, Gulf Building 
Pittsburgh 30, Pa. 


GULF MAKES THINGS RUN BETTER! 
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s New Look 


Smith’ 


CONTAINS 


= 


Manager of Pro- 
duction and R. 
W. Swank, Man- 
ager of Research 
and Develop- 
ment, agree on 
selection of 
Sharon Stainless. 


Gas Pumps Begins 


Charles MacIn- 
tosh, Supt. of 
Assembly and 
HaroldL.Ripley, 
Supt. of Machine 
Shop, like the 
way Sharon 
Stainless handles 
in production. 


Sharon Stainless Shrugs Off 


Weather, Corrosive Atmospheres 


A. O. Smith Corporation has a repu- 
tation for quality that can only 
come from years of supplying prod- 
ucts that perform as they were 
meant to. Such a reputation is a 
valued business commodity and 
A. O. Smith works hard to protect 
it. That’s the reason they work 
with suppliers like Sharon Steel— 
to make certain they get the finest 
materials—right from the start. 

In their new gasoline pump line 
A. O. Smith’s Smith-Erie Division 
wanted a modern unit that would 
not only look well, but one that 


Smith and his Purchasing Agent, J. E. Robison, like 
Sharon's “Service after Sale” policy. Here they 
talk shop with Sharon salesman Gordon Garrett. 


would withstand the ravages of weather 
and corrosive atmospheres, yet be easy 
to care for. To meet these requisites 
they specified stainless steel. To make 
certain of the best in stainless, they 
selected Sharon Quality Stainless Steel. 
Sharon Steel Corporation, Sharon, Pa. 


SHARON STEEL 
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ally segregates at grain boundaries. 
Tensile Properties The size and number of precipitate 

° articles is a function of coolin 

of Uranium 

- eu The authors have studied the ef- 

nium’ Hydride fect of hydride particle size and dis- 


Recrystallization on Tensile tribution on tensile properties in 
of specimens quenched from the beta 
PS 127, 1959, phase and after a recrystallization 


anneal in the alpha range. The ten- 

pyrencces in the range of 1 to 5 __ sile properties were determined from 
ppm. is a common impurity in +200° to —20° C. (400 to 0° F.); 
uranium. It occurs as a compound this includes the range in which 
— beta uranium hydride — and usu- uranium experiences a sharp loss in 


ROHCO' Conversion Coatings 
FOR BETTER FINISHES 
FOR LASTING PROTECTION 


ROHCO developments in powder conversion coat- 
ings offer a wide variety of low cost finishing effects 
—Brightening, Corrosion Protection and Paint 
Bonding—for: 


ZINC (Choose Your Color) 


RODIP ZN-22—A one dip (no leach) process that imparts a clear, blue-white coating. Protects 
from fingerstaining, discoloration and corrosion. 


RODIP ZN-23—New, inexpensive one dip (no leach) process. Produces a somewhat whiter 
coating than ZN-22 with a higher degree of chemical polishing. 


RODIP ZN-30—A leach type dip which produces a high degree of chemical polishing. Out- 


g in resi to tarnish and corrosion. Provides excellent adhesion for lacquering or 
waxing. 


RODIP ZN-25—A one dip (no leach) process which produces a definitely bluish coating. 


CADMIUM 


RODIP CD-3—For still, automatic or barrel cycles. Easily operated (no leach) coating. Produces 
bright clear, stain-free finish with good corrosion protection. 


RODIP CD-4—Primarily for rapid manual operation. No leach. Imparts a new, brilliant, clear, 
stain-free finish with good corrosion protection. 


ZINC OR CADMIUM 


RODIP CZ-10—Delivers a coating ranging from light golden to a deep bronze or brownish. 
Provides the ultimate in corrosion protection. Excellent for painting. 


ALUMINUM 


RODIP AL-50—A new, extremely protective coating that gives a light golden to deep tan or 
brown color range. 


Our service representatives and stockpoints are 
centrally located in fourteen cities in the U.S.A. 
and Canada. Your inquiry is most welcome. 


----- Nationwide Stockpoints-———— 
> R. 0. HULL & COMPANY INC. 
| 1308 Parsons Court e Rocky River 16, Ohio 


The RIGHT START . . . ao BETTER FINISH 


ductility, similar to the ductile-to- 
brittle transition observed in iron 
and steel. 

The effects of hydride precipita- 
tion on the tensile properties of 
uranium were found to be rather 
minor and perhaps not important 
from an engineering standpoint. It 
should be mentioned, however, that, 
in this work, composition and heat 
treating variations were not large. 
However, there was a significantly 
higher ultimate and yield strength 
and lower elongation in samples con- 
taining fine hydride particles than 
was true for samples with no visible 
hydrides or in samples with coarse 
hydrides. 

Recrystallization of beta quenched 
uranium by annealing in the alpha - 
range was found to decrease ultimate 
strength and increased the elonga- 
tion of samples with and without 
hydrides. 

The temperature at which the 
ductility decreased sharply was not 
significantly affected by any of the 
variables studied and was within the 
60 to 93° C. (140 to 200° F.) range 
for all samples. Below the transi- 
tion temperature, the tensile strength 
of samples containing fine hydrides 
did not decrease as rapidly as it did 
in samples without hydrides or with 
coarse hydrides. This is somewhat 
similar to the effect of carbide parti- 
cle size on the tensile strength of 
steel below its ductile-to-brittle tran- 
sition temperature. 

J. H. Becuroip 


Nuclear Fallout . . . 


(Continued from p. 145) 


50% by 1967 even if no further 
nuclear weapons are exploded in the 
open. Individuals may differ by an 
order of five either above or below 
this average. Orientals, who get most 
of their calcium from cereals rather 
than from milk, have acquired about 
twice as much Sr®® in their bones 
as Americans. 

As in the case of somatic damage, 
standards cannot set a line on stron- 
tium which is “safe” on one side and 
“dangerous” on the other. Occupa- 
tional “standards” set for the nuc- 
lear industry, where employees will- 
ingly accept risks in exceedingly 
well-regulated plants, can be much 
higher than in an uncontrolled en- 
vironment wherein the inhabitant 
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Solid 
Extruded Shape 


Semi-Hollow 
Extruded Shape 


Class 1 Hollow 
Extruded Shape 


Ve 


Class 2 Hollow 
Extruded Shape 


Class 3 Hollow 
Extruded Shape 


Extruded Rod 


Extruded Bar 


Here’s how Olin Aluminum can help you get more extrusions for your dollar. We make Extruded Tube 


aluminum — so we're thoroughly acquainted with the properties of all extrusion alloys. 
We're also experts in extrusion design and the related art of die-making. Combining 
this overall knowledge, we can help you achieve extrusions that use a minimum of 
metal with a maximum of efficiency. 

Come to us with an idea of what you want to accomplish and we'll show you how 
to do it best — whether it involves standard extrusions or elaborate, special-purpose, 
multi-port dies such as that used to produce the trademark extrusion illustrated. 

And you can count on quality, too! For Olin Aluminum, as a primary producer of 
aluminum, tests its metal at every stage of the production process... using such 
advanced methods as quantometric analysis. 

Moreover, your source of supply is assured by this fact: every Olin Aluminum 
customer is the terminal point of a massive, unbroken chain of supply that extends 
from the bauxite mine to the extrusion press. 

O LUMINU M 
KA OLIN MATHIESON + METALS DIVISION + 400 PARK AVE. « NEW YORK 22, N. Y. 
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t @ restricted flow of atmosphere 


e leaky furnace seals 


Quick and accurate readings of dewpoints 
in each furnace zone give the heat treater 
the most valuable information possible 
for accurate adjustment of furnace atmos- 
phere. 

In one relatively inexpensive unit, the 
Dewpointer brings you this accurate data 
with simple operations. Any shop man 
can get precise readings every time—for 
the maximum in effective furnace control. 

Only the Alnor Dewpointer gives you 
controlled test conditions...indications 
take place in an enclosed chamber. Dew 
or fog is suspended in the air as sunbeams 
—not on a polished surface. This unique 
principle gives you the greater accuracy, 
faster readings required for critical heat 
treating atmosphere control. 


© transient moisture and air from quench tank 
@ air carried into the furnace with the charge 


with the DEWPOINTER 


Eliminate Guesswork 
Here’s what you actually 
see with a Dewpointer—a 
swirl of sunbeams that is 
unmistakable in reading. 
Find out why so many use 
the Dewpointer for atmos- 
phere control. Send for 
your copy of the illustrated 
Dewpointer Bulletin. 
Write: Illinois Testing 
Laboratories, Inc., Room 
523, 420 North LaSalle 
Street, Chicago 10, Ill. 


ILLINOIS TESTING 
LABORATORIES, INC. 


has no control. There is also a wide 
scatter in measured values of stron- 
tium in bones due to the variations 
in diet and numerous other environ- 
mental and physiological factors. 
There is much support for the view 


Nuclear Fallout .. . 


that any radiation above natural 
background is potentially dangerous 
to the genes. On the other hand a 
“permissible” dose should carry a 
negligible probability of severe ge- 
netic injury and one which is accept- 
able to the exposed individual and to 
competent medical authorities.* At 
any rate the maximum permissible 
body burden for the general popula- 
tion acceptable to the experts in 1957 
has been reduced from 100 units to 
67 by the 1959 assemblage. 

Consequences of future 
were estimated by a panel of 22 ex- 
perts. They predicted that Sr 
would increase in the average human 
until 1962 to 1965 if no further 
nuclear devices are tested on the 
surface or in the atmosphere, at that 
time reaching 0.007 microcurie per 
gram of calcium. If the bomb tests 
of the last five years were repeated 
at successive 5-year cycles, this 
figure would go up to 0.012 after the 
first repetition, and would eventually 
reach equilibrium (new accessions 
replacing normal decay) after eight 
repetitions (40 years) at 0.056 
microcurie per g. Ca. This corre- 
sponds to three quarters of the maxi- 
mum body burden for the general 
population now recommended by 
the International Commission for 
Radiological Protection. 

Radiation to bone marrow now 
resulting from the present amount of 
Sr®° will amcunt to 0.3 roentgen in 
the total life span of 70 years. This 
increases the radiation exposure over 
that received from the natural back- 
ground by 5%. Continuous testing 
as defined above would bring this 
figure up to 30%. “Significant” 
fractions of the population would 
have bone levels three to five times 
the average; a few might even have 
ten times. Continued testing would 
make the short-lived isotopes more 
dangerous and also intensify the 
“hot-spot” problems. Se 

*In this sentence note the unde- 
fined (undefinable? ) words “negligible”, 


“probability”, “severe”, “competent”. 
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A Magnetic, 
Cobalt-Base Alloy 


Digest of “Development of 
a Ferromagnetic Cobalt-Base 
High-Temperature Alloy”, by 
A. Cochardt, @ Preprint No. 
119, 1959. 


HIS PAPER reports the develop- 
ment work carried out to produce 
a cobalt-base alloy which would 
have the strength of a superalloy but 
which would be ferromagnetic at the 


operating temperature and have a 


high internal damping capacity. 


A number of alloys were prepared 
with cobalt concentrations from 62 
to 88%. The nickel content varied 
from 8.5 to 32.4%. Minor addi- 
tions of some of the following ele- 
ments were made to various alloys: 
silicon, iron, 


titanium, aluminum, 
manganese and chromium. 


The alloys were tested for damp- 
ing behavior, aging characteristics, 
creep and fatigue properties and oxi- 
dation resistance. Age hardening 


How much does each .001” 
of Stainless. Steel Sheet 


302, an 18 gauge 36" x 120° 
ice of 52¢ per pound, In sheets 


th this .001" of thickness weighs 1.26 
pounds per sheet. Thus, each .001" of unnecessary 
thickness costs you at least 65.5¢ more per sheet. 


On the surface this may seem insignifi- 
cant, but it has a marked effect on the 
total price you pay for a given quantity 
of stainless steel sheet. With cost a 
factor, this can be important since 
stainless steel is purchased by weight. 

Using the above example, a mere 
.001” of unnecessary thickness costs 
you $20.76 more per ton. If you figure 
the maximum allowable gauge thickness 
variation of plus or minus (10%), you 
can readily see that the price you pay 
for overall sheet thickness could involve 
much needless cost. 


Washington Steel has the equipment 
and the experience to produce MICRO- 
ROLD stainless steel to tolerances much 
closer than standard industry toler- 
ances. Usually money can be saved by 
first selecting the minimum gauge that 
will serve the requirements of the appli- 
cation, and then specifying that the 
thickness be rolled to the light side of 
the gauge range. This specification in- 
volves no cost extra and is standard 
practice at Washington Steel. (If exact 
close tolerances must be guaranteed, 
there is a nominal additional charge.) 


Consult your nearest MicroRold Stainless Steel 
Distributor. He will gladly show you how to save 
money on your stainless steel purchases. 


Washington Steel Corporation 


Woodland & Griffith Avenues 


Washington; Pa, 
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curves were determined at 1200, 
1300 and 1350° F. for times from 1 
to 512 hr. Damping capacity was 
determined by testing in a torsion 
pendulum apparatus (or in a Foppl- 
Pertz tester) between room tempera- 
ture and 1200° F. A typical curve 
is shown in Fig. 1. Creep specimens 
were tested in a lever-type machine 
at 1200° F., and fatigue testing was 


° 


Damping Capacity 
° 


Stellite 31 


2 6 10 14 
Vibrational Surface Shear Stress 
at Amplitude, 1000 Psi. 


Fig. 1 — Effect of Amplitude on 
Damping at Room Temperature 


carried out in a 120-cycle per sec. 
electrodynamic fatigue machine. In 
general, the cobalt-base high damp- 
ing alloys gave higher rupture times 
at equivalent stress levels than the 
present blade material in steam tur- 
bines. Figure 2 shows that one of 
the alloys investigated has a longer 
rupture time at 1200° F. than 
A.LS.1. 403 at 900° F. 


w 


@A.1.S.1. 403 at 900° F. 
at: 
0 100 


Rupture Time, Hr. 


Creep Rupture Data 


Rupture Stress, 1000 Psi. 


Fig. 2 


The results of the oxidation tests 
indicated that the cobalt-base alloys 
without chromium and silicon were 
slightly inferior to A.1.S.1. 403, but 
that the addition of silicon and chro- 
mium improved the oxidation resist- 
ance so that the alloys were better 
than A.1.S.I. 403. 

As far as strength and damping 
capacity are concerned, the opti- 
mum composition range of the co- 
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FREQUENCY 


INDUCTION, 


FLOATING ZONE FIXTURE FOR METAL REFINING 
AND CRYSTAL GROWING 


A new floating zone fixture for the produc- 
' tion of ultra-high purity metals and semi-con- 
ductor materials. Purification or crystal grow- 
ing is achieved by traversing a narrow molten 
i zone along the length of the process bar 
while it is being supported vertically in vo- 
_ cuum or inert gas. Designed primarily for pro- 
duction purposes, Model HCP also provides 
i great flexibility for laboratory studies. 


| Fealires 


| © A smooth, positive mechanical 
| drive system with continuously 


variable up, down and rota- 
tional speeds, all independ- 
ently controlled. 

@ An arrangement to rapidly 
center the process bar within 
a straight walled quartz tube 
supported between gas-tight, 
water-cooled end plates. Place- 
ment of the quartz tube is ra- 
ther simple and adapters can 
be used to accomodate larger 
diameter tubes for larger pro- 
cess bars. 

@ Continuous water cooling for 
the outside of the quartz tube 
during operation. 

@ Assembly and dis-assembly of 
this system including removal 
of the completed process bar 

is simple and rapid. 


LEPEL HIGH FREQUEN 


55th STREET and 37th AVENUE, WOODSIDE 77, NEW YORK CITY, N. Y 


Co-Base Alloy .. . 


balt base alloys studied was 22 to 
24% Ni, 1.8 to 2.0% Ti and 0.15 
to 0.25% Al. The addition of chro- 
mium and silicon improved the oxi- 
dation resistance but decreased the 
damping capacity of the alloys. 

W. C. WINEGARD 


Fatigue of Steels 


Digest of “Fatigue Properties 
of High-Strength Steels”, by 
H. E. Frankel, J. A. Bennett 
and W. A. Pennington, @ Pre- 
print No. 121, 1959. 


D®?"= CURRENT widespread _in- 
terest and extensive research 
effort on brittle behavior of steels, it 
remains a fact that the most com- 
mon cause of mechanical failure of 
metals in service is fatigue. Al- 
though fatigue phenomena have 
been studied for almost a century, 
a number of the fundamental metal- 
lurgical aspects of the problem still 
are not well understood. For ex- 
ample, steels which have been heat 
treated to obtain high static strength 
levels may or may not have a cor- 
respondingly high fatigue strength. 

There is general agreement on the 
superiority of tempered martensite 
structures with regard to fatigue 
properties. However, many com- 
mercially heat treated steel parts 
contain products other than marten- 
site. The effect of retained austenite 
on the fatigue properties of steel is 
a field in which speculation predom- 
inates, and relatively little work has 
been conducted on it. Other studies 
have documented results of investi- 
gations which variously have shown 
that retained austenite (a) im- 
proved, (b) had no effect, and (c) 
was detrimental to fatigue strength. 

In an effort to resolve some of 
these conflicting views concerning 
the role of metallurgical variables on 
fatigue properties, a well-planned 
and conducted experimental _pro- 
gram was carried out to study the 
individual and combined effects of 
carbon content, tempering temper- 
ature, hardness, retained austenite, 
method of cooling for hardening, and 
refrigeration. The basic assump- 
tion used in the design of the pro- 
gram was that alloy content, other 
than carbon, was not as important as 
(Continued on p. 264) 
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REFRACTORY MATERIAL FORGINGS FOR 5000° F TEMPERATURES 


Cameron forgings have solved many 
a design problem, but this is one 
of which we are particularly proud. 
Nozzle throats in solid propellant 
missiles must control the fantastic 
temperatures which make high per- 
formance possible. All the push 
passes through this part and tem- 
peratures range over 5000° F al- 
most instantly, but the throat insert 
must maintain its shape for peak 
burnout conditions. Just to compli- 
cate matters, the exotic alloys speci- 
fied for these important parts are 
extremely brittle and expensive. In 
forming and machining the costly 
metal every ounce is important — 
with conventional processes fra- 
gility makes matters worse. 


When Cameron's unique forging 
methods were applied to this un- 
fortunate situation, some interest- 
ing things happened. Our years of 
experience in forging high stress, 
high temperature 
components help- 
ces) ed change the pic- 
ture completely. 
Less material was required because 
our specially designed presses 
could forge to a near-final shape. 
Moreover, the ductility of these 
tricky alloys was increased, making 
them easier to handle and machine. 
As a result, we are now turning out 
quite a variety of our advanced 
forgings for nozzle throats to help 
give missiles the proper push. 
Cameron forgings have opened 


many possibilities in advanced de- 
sign today. Extreme service com- 
ponents for airframes, jet engines, 
guided missiles, nuclear power 
plants, and a wide range of other 
end uses are being forged by the 
Cameron split-die and down-act- 
ing presses. 

If your design problem involves 
high stresses, high temperatures, or 
large, intricately shaped ferrous 
parts, maybe we can help. Just call, 
write, or come by . . . 


SPECIAL PRODUCTS DIVISION 
P.O. Box 1212, Houston 1, Texas 


REFRACTORY MATERIALS: Molybdenum « Tungsten * Tantalum « Moly Tungsten « Tantalum Tungsten and others. 
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...Use General Plate clad 


metals in the platinum-group 


to cut It’s possible to get solid platinum performance at a 
substantial cost saving when you use General Plate 


Pilati num Fitton Group Metals in clad form. 
Besides the advantage of greatly reduced cost, General 
Plate’s Clad Metals in the platinum-group provide 
Costs greater strength, lower weight, higher electrical 
> and thermal conductivity. 


Typical applications of General Plate’s clad metals in 


AN D the platinum-group include . . . electrical contacts, 
slip rings, electrodes, anodes and cathodes, jewelry, 
i p rupture discs and laboratory ware. 
M ROVE Metals & Controls’ new expanded anode of platinum clad 


tantalum is a good example of how improved performance 


Pe RFO RMANCE can be obtained with a real cost saving bonus. 
Write for new Technical Data Bulletin PLA-5 which 
gives information on platinum clad metals. 


PLATINUM 


BASE METAL 


PLATINUM 


BASE METAL 
PLATINUM 


Other Metals & Controls services and products in platinum-group metals, Vj, — 


@ Assaying and refining platinum group metals (i VA 
@ Recovery and rework of spent platinum group materials 

@ Chemical compounds for catalysts and electroplating solutions 
@ Alloying platinum-group metals 

@ Sheets — foil — wire — tubing — gauze 

@ Thermocouples and thermocouple wire 


@ Electrical contacts and contact assemblies for switches, relays, 
instruments, controls and similar applications 


METALS & CONTROLS 


310 FOREST STREET ATTLEBORO, MASS.USA 
A DIVISION OF TEXAS INSTRUMENTS INCORPORATED 


General Plate Products: Clad Metals » Electrical Contacts + Truflexa Thermostat Metal 
Platinum Metals « Reactor Metals « Radio Tube & Transistor Metals 


You Can Profit By Using 
General Plate Clad Metals. 
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Automotive Power Steering Manufacturer Specifies 


Mechanical Seamless 


» 


Tubing 
To 


Cold drawing Ostuco tubing through precision ring die on cold draw bench at Shelby mill. Mandrel controls and sizes I. D. 


Automotive components are our business. We 
have produced literally millions. And we're still 
learning every day. 

“One of the lessons we learned early in the 
game is that you can’t beat Ostuco tubing for 
surface finish. It cuts our machining costs, keeps 
us On top competitively. 


“There are other reasons, too, why Ostuco 
tubing tops our preferred list. We like its consist- 
ently close tolerances and unvarying quality, ship- 
ment after shipment. You might say we like its 
product integrity... 


To learn more about what Ostuco tubing can do 
for your production, contact your Ohio Seamless 
representative, listed in the Yellow Pages, or the 
mill at Shelby, Ohio — Birthplace of the Seamless 
Steel Tube Industry in America. 


OHIO SEAMLESS TUBE DIVISION 


of Copperweld Steel Company + SHELBY, OHIO 


Seamless and Electric Resistance Welded Stee/ Tubing + Fabricating and Forging 


oline, New Orleans (Chalmette), New ‘fork, North Kansas City, Philadelphia (Wynnewox 4) 
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$10,000 Saving 


Fansteel does more than just talk “customer savings.” Take the 
case of these Fansteel 77 Metal contour parts, %4” thick x 94%” high 


NEED A METAL 50% HEAVIER THAN LEAD? 
Fansteel 77 is a metal produced especially for 
applications requiring maximum density in 
limited space. It is twice aos heavy as steel, 
50% heavier than lead, yet—much stronger 
than cast iron. Non-mognetic 77 Metal is 
easily machined and easily joined to other 
metals. Furthermore, it is non-toxic and non- 
radioactive requiring no special precautions 
in handling. Available in finished or semi- 
finished parts to your specifications or in bars, 
rods, rings, disks, special shapes. 


x 15” developed length with a 
radius of 9”, 

Fansteel engineers developed 
new fabrication techniques which 
cut the cost 30% over former 
methods of producing the part. 
To the customer this added up 
to a $10,000 saving on this one 
order alone. 

It’s just one more example of 
how the constant search by Fansteel 
engineers for cost-cutting ways of 
fabricating Fansteel metals, pays 
off in big savings for the customer. 

Investigate the possibilities of 
similar savings on your parts... 
whether it’s made from 77 metal, 
tantalum, molybdenum, colum- 
bium or tungsten. Call in the 
Fansteel man. 


K598A 


Fansteel Metallurgical Corporatio 


North Chicago, tlingis, 
U.S.A, 


Fatigue of Steels .. . 


microstructure in the determination 
of fatigue strengths. The materials 
used were obtained from commercial 
heats of S.A.E. 4340 and 52100 
steels and two common grades of 
carbon toolsteels. All tests were 
conducted on R. R. Moore, rotating 
beam, fatigue testing machines. 
After preliminary work to determine 
the effects of variables in specimen 
preparation, all specimens were pre- 
pared by a careful technique de- 
veloped to obtain a reproducible sur- 
face finish with minimum induced 
residual stress or alteration of metal- 
lurgical characteristics. 

Various heat treatments were used 
to obtain a quenched and tempered 
structure containing varying amounts 
of retained austenite and carbides, 
but with fairly constant fine austen- 
itie grain size. Both direct quench- 
ing and “marquenching” techniques 
were employed. Some specimens 
were refrigerated after quenching, 
and the effects of single and double 
tempering treatments were investi- 
gated also. 

The results of this study showed 
conclusively that an increase in re- 
tained austenite decreases the fa- 
tigue strength of the materials. 
However, for steels with over 0.60% 
C, there appears to be a limiting 
value beyond which there is no fur- 
ther decrease in fatigue strength 
accompanying increased amounts of 
retained austenite. Removal of re- 
tained austenite, which was accom- 
plished in this investigation by re- 
frigeration treatment, tends to in- 
crease fatigue strength. Further 
study of this effect provided con- 
clusive evidence not only that re- 
tained austenite is transformed to 
martensite by fatigue stressing, but 
also that the extent of the transfor- 
mation is a function of the stress 
amplitude. 

An important contribution of the 
work is affirmation of the validity of 
the basic assumption that alloying 
elements, other than carbon, are not 
as important as microstructure in 
their effect on the fatigue strength. 
By analyzing the test data to isolate 
the effect of carbon content, it is 
shown that, as carbon content is in- 
creased, a higher hardness is neces- 
sary for equivalent fatigue strength. 
This relationship is illustrated by a 
curve obtained from determination 
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Who counts ’em? 


CAMBRIDGE does... 


. .. because exact mesh count and mesh 
size are the trademarks of Cambridge 
INDUSTRIAL WIRE CLOTH. 


But, quality isn’t the whole story. When 
you call Cambridge for industrial wire 
cloth, you also get service . . . prompt 
answers to your inquiries . . . quicker 
deliveries . . . and an experienced Field 
Representative who follows up your order 
to make sure our product is giving you 
the best possible service. Let us quote 
on your wire cloth needs. We manu- 
facture wire cloth from any metal or 
alloy including titanium— in nine basic 
weaves. Very likely, we have what you 
require in our warehouse right now. For 
samples or more information, call your 
Cambridge Field Engineer...he’s listed in 
the yellow pages under “Wire Cloth’’. Or, 
write for FREE 94-PAGE CATALOG. 


The Cambridge 
Wire Cloth Co. 


Department B Cambridge 10,Md. 


Manufacturers of Wire Cloth, 
Metal-Mesh Conveyor Belts, Wire Cloth Fabricotions 
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Universal Lubricating Systems, Inc. 


CAKMONT, PA. 


Their continuous use of 


WYCKOF 


LEADED COLD DRAWN BARS 


has definitely increased their produc- 
tion , extended tool life, and produced 
a better finish at higher machining 
speeds. 

Why not check the possibilities of 
Wyckoff Leaded Steels on your re- 
quirements? They’re available in 
AISI analyses—carbon and alloy 
steels. 


YCKOFF STEEL COMPANY 


GENERAL OFFICES : 


Gateway Center, Pittsburgh 30, Pa. 


Branch Offices in Principal Cities 
Works: 
Ambridge, Pa., Chicago, Newark, N.J., Putnam, Conn. 


WYCKOFF STEEL PRODUCTS + Carbon, Alloy and Leaded 

Steels * Vemned and Polished Shafting * Turned and Ground 
* Large Squares * Wide Fiats up to 12%” x 2%” 

and 14” x 1%" All of Furnace Treated Steels 
including Carbon Corrected Steels 


Fatigue of Steels . . . 


of the hardness necessary to attain 
a fatigue strength of 150,000 psi. 
with 0% retained austenite, for the 
four steels tested. 

On the basis of the observations 
of this study, it is hypothesized that 
the large localized stresses resulting 
from an austenite-martensite reac- 
tion may nucleate submicroscopic 
cracks that lower fatigue strength of 
a steel, The transformation of re- 
tained austenite, either by thermal 
or mechanical treatments prior to 
cyclic stressing, improves fatigue 
properties. Mechanical treatment 
(for example, shot-peening) has an 
additional effect in that favorable 
compressive stresses are introduced 
at the surface with further benefit 
to fatigue properties. 

It is thus apparent that to obtain 
optimum fatigue properties of heat 
treated high-strength steels, positive 
steps must be taken to avoid or re- 
move retained austenite in the micro- 
structure. G. H. ENz1AN 


Trace Elements in Nickel 


Digest of “The Effect of Trace 
Elements on the Tensile, Elec- 
trical Resistance and Recrystal- 
lization Properties of High- 
Purity Nickel”, by K. M. Olsen, 
© Preprint No. 130, 1959. 


PAPER describes the effects of 
small quantities of magnesium, 
aluminum, manganese, silicon, . bo- 
ron, carbon, zirconium, cobalt, tung- 
sten and titanium on the electrical 
resistance, tensile and recrystalliza- 
tion properies of nickel. Such a 
study is of practical importance be- 
cause of its application to the oper- 
ating life of nickel cathode struc- 
tures which are used in vacuum 
tubes. 

Measurements were made on 
0.025-in. diameter wire which had 
been cold drawn 70% reduction in 
area and heat treated at various tem- 
peratures under dry hydrogen or he- 
lium. Ingots were obtained by melt- 
ing sintered carbonyl nickel slugs 
under a controlled program of hy- 
drogen, vacuum, and helium atmos- 
pheres. These were hot rolled into 
slabs from which 7/16 x 7/16-in. 
bars were cut. The 0.025-in. wire 
was produced by a series of swaging, 
annealing (1500° F.) and drawing 
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SANDVIK 


# 
a 
all 


q 
vies 


Keeps A 
| Scientific Eye 
On 


SPRING STEEL 
QUALITY 


At Sandvik, the latest scientific 
research and quality control techniques con- 
stantly improve and protect spring steel quality. 


This is part of the reason why Sandvik steels have the special 
physical stamina to give consistent performance in such critical applications 
as flapper valves, instrument springs, shock absorbers, surgical instruments, 
unbreakable watch mainsprings, piston ring segments and expanders, etc. 


Sandvik stocks a wide variety of grades and pup 
sizes of cold rolled specialty strip steels. For information on 
leading types, send for this free brochure. 


SANDVIK STEEL, INC. 


1702 Nevins Road, Fair Lawn, N. J. 
SWarthmore 7-6200 « N.Y.C. Algonquin 5.2200 
Branch Offices: 
Cleveland + ODetrot + Chicago * Los Angeles 
SANDVIK CANADIAN LTD. 
P.O. Drawer 1335, Sta. O. Montreal 9, P. Q. 
Works: Sandviken. Sweden 


SPRING STEEL 
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wire in precision 8” 
mill with water cooled 


SIZES AND EDGES 
SIZES AND SHAPES 
in versatile Turks Head 


traverse wound coils, 
traverse wound spools, 


Here is the new Fenn 5-in-1 Wire Line 
with a price as remarkable as its 
performance and compactness. It will 
produce precisely flattened or shaped, 


edged, and sized bundles at speeds up to 


600 FPM in an absolute minimum of 
floor space. Inlet capacity up to 3%” 
diameter. The Precision Fenn 8” Roller 
Bearing Rolling Mill has carbide shell 
rolls with internal and external cooling. 
The entire line operates from a single, 
infinitely variable speed AC motor with 
simple electric controls. The 5-in-1 
Wire Line is engineered and built to 
Fenn quality standards. Write for 
complete specifications. 


See it in operation at Fenn Booth No. 1329—National Metal Exposition 
THE FENN MANUFACTURING COMPANY ® 505 FENN ROAD © NEWINGTON, CONN. 


Trace Elements . . . 


steps. Except for controlled addi- 
tions, all impurities were found to be 
below 0.005% by weight for any 
single element. 

Results are presented in groups of 
curves in which elongation, tensile 
strength and resistivity are plot- 
ted against annealing temperature. 
Groups are representative of ele- 
ments which exhibit much solid solu- 
bility in nickel (cobalt, manganese, 
and tungsten), those with limited 
solubility (silicon, titanium and alu- 
minum) and those with very limited 
solubility (carbon, magnesium, boron 
and zirconium). 

Additions of tungsten, titanium 
and silicon had the greatest effect on 
the resistivity of nickel. For re- 
crystallized material, 0.2 wt.% W in- 
creased resistivity from 0.622 to 
0.672 ohm-g. per sq.m., a 0.088% Ti 
addition from 0.622 to 0.668, and 
0.1% Si addition from 0.622 to 
0.684. Zirconium and carbon had the 
greatest influence on tensile strength. 
In the cold worked condition, 0.11% 
Zr increased ultimate tensile strength 
from about 100,000 to 120,000 psi., 
while an 0.11% C addition gave an 
increase to 140,000 psi. 

The most pronounced influence on 
recrystallization was found to be as- 
sociated with additions of elements 
which had a much larger atom size 
than that of nickel. Zirconium re- 
sulted in the greatest retardation. 
An 0.11% Zr addition produced an 
approximate 720° F. increase in re- 
crystallization temperature (from 
about 720° to about 1440° F.). 

W. R. Opie 


Temper Brittleness 
of Steel 


Digest of “Correlation Be- 
tween Internal Friction and 
Temper Brittleness in Steel”, by 
Abdul-Fattah K. Kaddou and 
P. C. Rosenthal, @ Preprint 
No. 151, 1959. 


T THE PRESENT TIME, no satis- 
factory theory has been evolved 

to describe the basic mechanism of 
temper brittleness. The authors 
have used internal friction tests to 
study the influence of carbon on 
temper brittleness in a plain carbon 
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In all ways, René 41 is a remarkable alloy. No other foil down to .001 in thickness ... and fine wire only 
high-temperature alloy used in production today .0015 in diameter. 

equals its tensile strength. In other properties, too, For complete details, write for Technical bulletin 
René 41 is far ahead of the field. No. 86. 

Also important, this nickel-base, vacuum-melted 
alloy is easy to work with. It’s readily formable by 
drawing, bending, spinning — welds to similar or 
dissimilar materials. 

Cannon-Muskegon offers René 41 in standard 
36”x 96” sheets .015” to .125” thick, in smaller sizes 
down to .010”, in bar stock up to 3” in diameter... VACUUM ALLOYS 


1 


*TM of General Electric Co, 


CANNON-MUSKEGON CORPORATION 


2879 Lincoln Avenue * Muskegon, Michigan 
METALLURGICAL SPECIALISTS 
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Progressive Foundry Engineering 
Develops Accurate Components... 


-again, UNITCASTINGS 
do the job better! 


Unitcast foundry technicians, working 
hand-in-hand with customer’s engineers, 
match new processes and developments with new 
steel casting demands. 


The close tolerance requirements of this new 
horizontal gate mechanism proved a challenge. 
Designed around a new hypo-cyclic gear to reduce 
operating effort 80%, finished costs had to remain 
competitive. Each component was delivered to 
finished size with only touch up grinding necessary 
before assembly, and a high quality, durable product 
was marketed with the benefit of cast steel. 


Unitcast offers similar service to help you with 
close tolerance, cost reducing problems. 
Write or call today for complete information. 


UNITCAST CORPORATION, Toledo 9, Ohio 
In Canada: CANADIAN-UNITCAST STEEL, LTD., Sherbrooke, Quebec 


Temper Brittleness . . . 


(A.LS.I. 1016) and susceptible alloy 
steel (A.1.S.I. 3310). 

The basic feature of the test is 
that an internal friction peak has 
been found at temperatures near 
room temperature and at frequen- 
cies of about 1 cycle per sec. This 
peak has been ascribed to the stress- 
induced interstitial diffusion of the 
solute atom in alpha iron. By meas- 
uring this peak, it is possible to study 
the concentration and segregation of 
carbon in ferrite. 

Wire specimens from both steels 
were austenitized 1 hr. at 1700° F. 
(925° C.) in a neutral salt bath, then 
water quenched. A group of A.LS.1. 
3310 specimens was tempered 1 hr. 
at 1150° F. (620° C.) in a helium at- 
mosphere, then water quenched. 
The specimens thus treated were 
considered “tough.” Some of these 
specimens were further tempered 50 
hr. at 930° F. (500° C.) for embrit- 
tlement. To study the reversibility 
of temper embrittlement, some of the 
embrittled specimens were retem- 
pered 1 hr. at 1150° F. (620° C.) 
which is above the embrittling 
range. Another group of the A.LS.I. 
3310 specimens were tempered 1 hr. 
at 1250° F. (675° C.), then water 
quenched. Some of these specimens 
were given an additional tempering 
of 48 hr. at 900° F. (480° C.) for 
temper-embrittlement. 

The A.LS.I. 1016 specimens had 
an initial temper of 1 hr. at 1150° F. 
(620° C.), then an additional temper 
of 65 hr. at 930° F. (500° C.) for em- 
brittlement. Charpy V-notch im- 
pact tests were carried out on sub- 
standard test pieces prepared from 
the A.I.S.I. 3310 steel after temper- 
ing 1 hr. at 1150° F. (620° C.) and 
water quenching, and after an addi- 
tional tempering treatment of 65 hr. 
at 930° F. (500° C.), followed by 
water quenching. 

The internal friction results of the 
tough A.LS.I. 3310 steel showed 
two peaks in the logarithmic decre- 
ment-temperature curve, one at 
about room temperature and the 
other at 430° F. (220° C.) Upon 
embrittlement the internal friction 
results were different. The two 
peaks had disappeared and the back- 
ground damping was reduced to half 
that for the tough steel. The A.LS.I. 
3310 steel samples, embrittled and 
then retempered at 1150° F. (620° 
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The Inland Steel Company, Indiana Harbor, Indiana, has 
used B&W Kaocast for burner blocks in their Surface 
Combustion soaking pits since 1952. The average life of 
these Kaocast blocks has exceeded that of any other re- 
fractory material tried in this application. 

These Kaocast blocks, which weigh 1700 pounds each, 
are cast in two sections, as shown in the illustration; 800 
pounds of B&W Kaocast are used for the top section, and 
900 pounds for the bottom section. 

Kaocast is particularly suited to burner block applica- 
tions because of its unusual volume stability, spall resist- 


ance and refractoriness. B&W Kaocrete-32 provides these 
same outstanding properties in temperatures to 3200 F. 

Both B&W Kaocast and Kaocrete-32 eliminate the need 
for maintaining expensive inventories of special firebrick 
shapes. In addition, these refractory castables are versa- 
tile — they can fill your needs in many other plant-wide 
applications. 

Send for your copy of new Bulletin R-42, “B&W Re- 
fractory Castables for the Ferrous Metals Industry.” 
Write to The Babcock & Wilcox Company, Refractories 
Division, 161 East 42nd Street, New York 17, N. Y. 


THE BABCOCK & WILCOX COMPANY 


REFRACTORIES DIVISION 


B&W Firebrick, Insulating Firebrick, and Refractory Castables, Plastics, Ramming Mixes, Mortars, and Ceramic Fiber. 


: 
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RYLLIUM COPPER CONNECTORS 


Where performance is mandatory... where failure must not occur... 
“Berylco” beryllium copper provides the vital link between electrical com- 
ponents in aircraft/communication/business machines. Excellent fatigue 
life, combined with the high spring and electrical properties of beryllium 
copper, insure positive (corrosion-free) contact with the minimum of 
surface contact resistance. 

Do you have such a problem? Write us today for descriptive literature 
and engineering data. Qualified technical assistance is always as close as 
your phone. 


VISIT US AT THE METAL SHOW, CHICAGO, NOVEMBER 2-6, BOOTH 1636 


THE BERYLLIUM CORPORATION 


P. O. Box 1462, Reading, Pennsylvania 


Temper Brittleness . . . 


C.), showed a curve similar to that 
of the tough steel. The internal fric- 
tion curves for the A.I.S.I. 1016 steel 
showed the room-temperature peak 
for the initial tempering treatment 
(1150° F. [620° C.] for 1 hr.) to be 
very pronounced, whereas the 430° 
F. (220° C.) peak is not evident. 
The internal friction curve of the 
double-tempered A.1.S.I. 1016 steel 
is different from the curve of the 
embrittled A.I.S.I. 3310 and shows 
only a decrease in the room-temper- 
ature peak without the complete dis- 
appearance as evidenced in the alloy 
steel. Furthermore the background 
damping is unchanged. 

The results of impact tests on the 
tough and embrittled A.LS.I. 3310 
steels showed a shift of transition 
temperature from —47 to +162° F. 
(—44 to +72° C.) 

The room-temperature peaks in 
the damping curves may be ex- 
plained by the dissolved interstitial 
carbon and nitrogen atoms in ferrite. 
Since the peaks disappear in the brit- 
tle condition, the embrittling temper- 
ature is apparently in the vicinity 
of the critical temperature for estab- 
lishing condensed Cottrell atmos- 
pheres around dislocations. When 
this occurs, stress induced atom 
movement cannot occur because the 
solute atoms are locked into posi- 
tion. Furthermore, due to the strong 
anchoring force of the atmospheres 
to the dislocations, the background 
damping is reduced. It is concluded 
that temper embrittlement corre- 
sponds to the formation of condensed 
atmospheres at the dislocations, ren- 
dering these dislocations inoperative 
under certain conditions of loading 
and testing temperature. 

The 430° F. (220° C.) peak is 
directly related to the solute atoms 
of carbon or nitrogen or both, since 
both the room-temperature and the 
430° F. (220° C.) peak disappeared 
after embrittlement. Upon retem- 
pering the embrittled steel, the con- 
densed atmospheres are destroyed; 
this may explain reversibility of tem- 
pering embrittlement. 

The intergranular fracture of a 
temper-brittle steel occurs because 
the dislocations are anchored very 
strongly. They cannot move when 
loaded and the fracture path, there- 
fore, follows the grain boundary. 

W. A. Morcan 
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Your Source of Quality Heat Treating Materials 
and Personalized “OQn-the-job Service” 


The next time you're faced with a difficult and costly heat 
treating problem, call in the man whose training and 
experience qualifies him as “the man with the answers”: 
your local representative of the Park Chemical Company. 
As a representative of Park Chemical, for 45 years pro- 
ducers of a complete line of quality heat treating materials, 
your Park man will help you decide which materials and 
methods are best suited to smooth out your heat treating 
operations. 


Carburizing or hardening, heating or quenching, what- 


ever the operation may be, the Park man will show you 
the Park product that will result in more efficient, less 
costly heat treating. On-the-job tests in plants all over the 
country have proven that Park heat treating materials 
mean less rejects, better finishes, and virtual elimination 
of production tie-ups. 

Whenever a difficult heat treating operation threatens 
to tie-up your production, call in the Park man for on- 
the-job help. He’s always available. Call him, or write 
us direct. 


Solving Heat Treating Problems Since 1911 


PARK CHEMICAL CO. 


8074 Military Avenve © Detroit 4, Michigan 


Phone: TYler 5-7215 
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PHILADELPHIA—T. J. Clark, 7240 Lawndale St., Phone: Pligrim 5-6562 
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Netherby, 161 Queens Road 
Weybridge, Surrey, England 


OCTOBER 1959 


— Lindberg Ltd. 
15 Petham Avenue 
Toronto 9, Ontario Milano, Italy 
ROger 6-6456 


AGENTS 


HOUSTON—M. K. Griggs Co., Phone: CApitol 8-2261—7-5523 
DALLAS—M. K. Griggs Co., Phone: WHithall 1-4994 
TULSA—Kimball Chemical Co., Phone: Gibson 7-0168 

KANSAS CITY—industrial Electro. Gas Equip. Co., Phone: BE 1-3317 
MINNEAPOLIS—Hawkins Chemical Co., Phone: FEderal 9-7 
DENVER—T. C. Jarrett Co., Phone: BElmont 3-2333 


6438 E. Corvette St 
Los Angeles 22, California 
Phone: RAymond 3-6487 


Park Italiana 
Via Giampiero Lucim 21 


2 ] 7 
Electric Resistance California Alley Products Co. 
273 


° Table I— Quench Aging of Experimental Fe-Al Allo 
lron-Aluminum Alloys 
TENSILE YIELD REDUCTION 
Digest of “Structure and TREATMENT ELONGATION 
Properties of Austenitic STRENCTH STRENGTH AREA 
@ At-quenched 120,000 psi. | 82,000 psi. 72% 70% 
print + Mag 160, 1959. Quenched and reheated 
to 1100° F. 168,000 153,000 25 45 
Dp" the past several years, there Slow cooled 156,000 134,000 16 16 


has been an increasing interest 
in the development of oxidation re- 
sistant alloys from nonstrategic ele- about these systems led to the inves- 
ments. The corrosion resistant char- _ tigation of the Fe-Al-C-Mn and Fe- 
acteristics of iron-aluminum alloys Al-C-Mn-Si alloys reported here. 


are particularly attractive and have Quaternary alloys were made by 
led to the investigation of several adding aluminum to vacuum melts 
iron-aluminum base ternary alloys, of iron and carbon, introducing he- 


the most promising of which were in lium into the melting chamber, and 
the Fe-Al-Mn and the Fe-Al-C sys- then making the manganese addi- 
tems. The information available tion. The following composition 
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Spray Painting With Air Airless 


This new spray painting process (without air) will 
minimize your over-spray problems, reduce health 
and fire hazards, cut maintenance and clean-up 
costs, save paint, time and labor as well as reduce 
your auxiliary painting equipment requirements. 


Over and above these advantages...a Better 
Finished Product is the final result. See it at the 
show. 


FORMERLY BEDE PRODUCTS CORPORATION 


THE BEST IN SPRAY -COATING EQUIPMENT 
AMHERST, OHIO YUKON 8-4473 


In Canoda: 864 Pape Ave, Toronto, Ontario 


ranges were investigated: 7 to 13% 
Al, 20 to 40% Mn, 0.10 to 1.0% C. 
The melts were cast in 2%-in. round 
ingots and subsequently hot rolled to 
%-in. rod. Tensile tests were made 
at various temperatures up to 
1500° F. Metallographic examina- 
tions were made of these alloys in 
both the quenched and slow cooled 
conditions to determine the relative 
amount and stability of the aus- 
tenitic phase. 

The data suggested that an iron- 
base alloy containing 9% Al, 30% 
Mn and 1.0% C might exhibit near 
optimum high-temperature strength 
properties and oxidation resistance 
for this system. At constant man- 
ganese and aluminum, strength prop- 
erties improve with carbon content 
between 0.1 and 1.0%. At constant 
managenese and carbon, the oxida- 
tion resistance and strength im- 
proved with increasing aluminum 
from 5 to 9%. Above 9% Al, the 
alloy was not completely austenitic 
and exhibited a resultant loss in duc- 
tility. A decrease to 20% Mn re- 
sulted in an increased instability of 
the austenitic structure. 

Efforts to produce a_ higher 
strength austenitic alloy (iron base 
with 13% Al, 40% Mn, 1.0% C) 
were unsuccessful. This material 
was extremely brittle after slow cool- 
ing indicating that transformation 
had occurred. Metallographic ex- 
amination confirmed the appearance 
of a new brittle phase. 

A group of quinary alloys were 
processed in the same manner as the 
first group using Fe, 9% Al, 30% 
Mn, 1.0% C as a base to which small 
amounts, usually less than 3%, of 
other elements (chromium, nickel. 
boron, silicon, nitrogen, titanium. 
molybdenum) were added. Tensile 
properties were measured, oxidation 
resistance was noted, and a metal- 
lographic examination was made to 
determine the effect of the added 
element upon phase relationships 
and stability. Only silicon improved 
both the oxidation resistance and 
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RECTIFIERS 
Germanium e Silicon © Selenium 


Dependable DC power for electroplat- 

ing, electropolishing, electrocleaning 
and anodizing. 
Units from 25 to 50,000 amps with 
manual, automatic and remote controls 
“custom-engineered” to your require- 
ments—at no premium in cost. 


JET PLATER® 
For Precision High-Speed 
Precious Metals Plating 
The complete precious metals plating 
facility in a single compact cabinet can 
be used for either rack or barrel plating 
.. perfect for precision-plating of criti- 
cal electrical or electronic parts, speci- 
fication precious metals plating or 
“pilot plant” set-ups. 


SOLUTION FILTERS 


Portable and mobile units for 

all liquid clarification needs. 
1) 600 Series—PRE-MET FILTERS 
Guaranteed leak-proof operation—flow 
rates from 25 to 800 GPH. 


2) Double-Duty Series—New stainless 
steel mesh element which doubles effec- 
tive filtration area—fiow rates from 250 
to 18,000 GPH—greater capacities to 
order. 


PLATING EQUIPMENT 


AND SUPPLIES 
ee From the custom designing of a com- 
plete electroplating facility to a single 


piece of equipment or a small quantity 


A of chemical compounds. 
aie a) Complete push-button plating facil- 
ji ity designed for leading manufacturer 
© “ of scientific instruments. 
_— b) Packaged electroplating facility in- 
aa , cludes tanks and rectifiers for the plat- 
ing of semiconductor products. 


AND METALFINISHING EQUIPMENT 


AND SUPPLIES 


SEL-REX CORPORATION 


NUTLEY 10, NEW JERSEY 


Manutocturers of Exclusive Precious Metals Processes, Metallic Power Rectifiers Airborne 
Power Equipment, Liquid Clorification Filters, Metal Finishing Equipment and Supplies. 
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CARL ZEISS JENA 
ELECTROLYTIC 
POLISHER... 


for controlled 
metallurgical studies 


The modern method of prepar- 
ing metallurgical specimens 
for microscopic examination 
... gives you complete control 
at every step of the polishing 
and etching process. The Zeiss 
Electrolytic Polisher removes 
metal from the specimen sur- 
face electrolytically under con- 
trolled conditions . . . continual 
observation can be made 
through the microscope... 
polishing voltage and electrolyte flow can be regu- 
lated to obtain precise values for particular studies. 
A series of photomicrographs can be taken through- 
out the preparation process by attaching a minia- 
ture camera to the microscope. 


ZEISS 
NEOPHOT... 


large research 
metallographic 
microscope 


The accepted standard of comparison for modern 
incident-light microscopy throughout the scientific 
world . . . ideal for all scientific and practical appli- 
cations. The Zeiss Neophot provides complete flexi- 
bility through three sets of photographic equipment 
for a variable succession of imaging scales from 
0.5:1 to 1600:1. 


For complete information on how Carl Zeiss Jena can 
contribute to the efficiency of your metallographical 
research and testing procedures, consult your local 
dealer, or write to— 


Fe-Al Alloys... 


strength properties without drastical- 
ly impairing ductility. In the tem- 
perature range of 1200 to 1350° F., 
where this alloy exhibited good oxi- 
dation resistance, the data indicated 
an optimum silicon content of 1.5%. 
This addition had little effect upon 
the room-temperature properties of 
the alloy, but at 1200° F. it resulted 
in increases in tensile strength from 
58,000 to 97,000 psi., and in yield 
strength from 43,000 to 78,000 psi. 
with a corresponding reduction in 
elongation from 27 to 5% and re- 
duction in area from 30 to 9%. At 
this temperature, an increase in sili- 
con above 1.5% causes an almost 
linear increase in strength properties 
with only slight additional loss in 
ductility. However, at 1350° F. 
there is a distinct maximum in the 
strength values at 1.5% Si. 

The strength properties of this al- 
loy may be improved by quench ag- 
ing as shown in Table I. These tests 
were completed at room temperature 
and the validity of these treatments 
for elevated-temperature service has 
not been evaluated. 

Oxidation resistance of these al- 
loys is attributed to aluminum and 
may be improved by increasing alu- 
minum content or by decreasing car- 
bon or manganese. Metallographic 
studies of these alloys revealed a thin 
ferritic surface layer which the au- 
thor suggests is an aluminum-iron 
binary caused by a loss of carbon 
and manganese. This binary is 
known to form a highly impervious 
oxide film which the author indicates 
may be developed by a “pre-oxida- 
tion” treatment at a temperature 
above the expected test or service 
temperature. 

Silicon additions up to 2.5% had 
little effect upon the phase relation- 
ships. Silicon may act as a solution 
strengthener in both ferrite and aus- 
tenite. Schmatz and Zackay have 
previously shown that a 9% Al, 
1.5% Si-iron ferritic ternary alloy is 
stronger at elevated temperatures 
than a 9% Al-iron alloy. The author 
proposes that, in this quinary alloy, 
the silicon may strengthen any grain- 
boundary ferrite formed during ag- 
ing or modify the quantity, type 
and dispersion of the carbides 
formed during aging. 

The author concludes that the 9% 
Al, 30% Mn, 1.0% C, 1.5% Si-iron 
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ae @ ALKALUME PRE-PLATE—An especially effective zincate bath 
elp you! for preparing aluminum for plating. 


ACID SOLVENT EMULSION CLEANER No. 1—An effec- 
tive cleaner for fabricated aluminum parts before finishing. 


DRAWING AND STAMPING COMPOUNDS FOR 
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Alert Supply Co. Los Angeles, California 
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THE VICKERS METALLOGRAPH—MARK IV 


Designed for faster, easier operation, the MARK IV offers 
these features that give you more time for observation and 
photography. 


e Zoom Control — allows continuously variable camera magnification 
from 24X to 2800X without change of eyepiece, or bellows motion. 


e Automatic Magnification Indicator — direct reading — no time lost 
verifying optics, consulting charts, interpolating graphs. 


e Xenon High-Pressure Source — high intensity — cooler, cleaner and 
quieter than carbon arc — illumination for 800 trouble-free hours. 


e Bi-Level-Action Stage — combines a gliding stage for scanning and 
positioning with a micrometer traverse stage for measuring. 


See it at Booth 215 — Metals Show 


COOKE, TROUGHTON & SIMMS, INC. 


91 WAITE STREET + MALDEN 48, MASSACHUSETTS 


Address 


Fe-Al Alloys. . . 


alloy is comparable to commercial 
stainless steels and may be promis- 
ing as a potential substitute for these 
alloys. It is austenitic. Its strength 
exceeds that of commercial stainless 
steel in the as-quenched condition 
and can be improved by heat treat- 
ment. Oxidation resistance is ade- 
quate to 1400° F. when subjected 
to a “pre-oxidation” treatment. 


W. R. UpTHecrove 


Magnetic Properties 
of 3.5% Cr Steel 


Digest of “Effect of Cooling 
Rate From Ms Temperature to 
Room Temperature on Mag- 
netic Properties of 3.5% Chrom- 
ium Magnet Steel”, by W. L. 
Hodapp and E. A. Loria, @ Pre- 
print No. 122, 1959. 


RATE of cooling from the M, 

temperature to room temperature 
exerts considerable influence on the 
magnetic properties of 3.5% Cr mag- 
net steel. This investigation reports 
the results of the effect of cooling 
rate as well as the effect of stabiliz- 
ing treatments on magnetic prop- 
erties of this steel. 

The steel used is a common grade 
for permanent magnets. It has a 
composition of about 0.9% C, 3.6% 
Cr, 0.5% Mn, 0.2% Ni. Heat treat- 
ment consisted of austenitizing, 
quenching into salt at 500° F. (Ms 
= 435° F.), holding for 1 min., and 
cooling at different rates to roem 
temperature, Little or no bainite 
formed during the hold at 500° F. 
The four rates used were those ob- 
tained by cooling in water, oil, air 
or furnace. In addition, stabiliza- 
tion treatments were used following 
cooling to room temperature; these 
treatments consisted of combina- 
tions of tempering 5 hr. at 212° F. 
and cooling for 24 hr. in dry ice. 
In addition to magnetic properties, 
some measurements or retained aus- 
tenite were made. 

As the cooling rate from 500° F. 
decreases, the magnetic properties 
change as follows: the maximum 
magnetic flux density (B,.,), the 
residual magnetism (B,,,), and the 
maximum energy product (EP.,,,,) 
decrease, while the coercive force 
(H,) increases. X-ray measure- 


(Continued on p. 282) 
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* One of the advanced techniques at Precision Castparts 
contributing to ultra performance in investment casting 
of high strength, high temperature alloys. 


The PC vacuum melting and molding 
system remelts alloys by induction 

under vacuum of less than 10 microns 

of mercury. The virtually perfect vacuum 
excludes atmospheric elements that might 
affect the chemistry of the melt, 

and the performance of the casting. 
Precision Castparts has the only vacuum 
melting facility for investment casting 
located in the West. 


Data available on invest t cast 
alloys to operate at temperatures from 
—400” F. to 2100” F. wtih super- 
strength and ductility. Call on Preci- 
sion Castparts direct, or call one of 
our engineering representatives. 
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CASTPARTS CORP. 


4601 S. E. HARNEY DRIVE, PORTLAND 6, OREGON 


REPRESENTATIVES: 


JOHN D. LOBB, JR., 5213 Jessamine St., Bellaire 101, Texas « MOhawk 4-0740 
JAMES NEELY, 3800 Sherwood St., Fort Worth 7, Texas « MArket 6-5371 

KENNETH F. THOMAS CO., 998 Farmington Ave., West Hartford 7, Conn. » AD 3-0547 
DISTRICT STEEL CORP., 5249 Sheila St., Los Angeles 22, Cal. +» ANgelus 3-2149 
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DETROIT 


Testing Machines 


BRINELL 


hardness testing machines 
in many standard models. 


Special models too. 


DUCTILITY 


testers for sheet meta! 
are hydraulically powered, 
have 3/16-inch capacity. 


WOOO DAM 


ite today for 
information 


4 


9384 Grinnell Avenue, Detroit 13, Michigan 


SEE US AT BOOTH 739 AT THE METAL SHOW 


TENSILE 


testing machines, 

in portable style 
(below), and up to 
20,000 Ib. capacity, 
as standards. 


WHEREVER YOU NEED 
TO COOL A FLUID... 
and have a problem 

of water supply or 


disposal . .. use 
NIAGARA “AERO” 
HEAT EXCHANGER 


> Evaporating a very small amount of 
water in an air stream you can cool 
liquids, gases or vapors with atmos- 
pheric air, removing heat at the rate 
of input, controlling temperature pre- 
cisely. Save 95% of the cost of cool- 
ing water; save piping, pumping and 
power. You quickly recover your 
equipment cost. 

You can cool and hold accurately 
the temperature of all fluids, condense 


vapors, cool water, oils, solutions, in- 
termediates, coolants for mechanical, 
electrical or thermal processes. You 
have a closed system free from dirt. 
You have solved all problems of 


water availability, quality or disposal, 
maintenance expense is low. 

You may apply this to solvent re- 
covery, vacuum systems controlling 
reactions, condensing distillates, cool- 
ing reflux products. 


For more information, write for Bulletins 120, 124, 135. Address Dept. 


NIAGARA BLOWER COMPANY 


Dept. MP-10, 405 Lexington Ave., New York 17, N. Y. 


Niagara District Engineers in Principal Cities of U. 8. and Canada 


Cr Steel... 


ments showed that water quenching 
gave 3% retained austenite (Rg), 
oil gave 4% Ry, air 7% Ry and fur- 
nace cooling 9% Ry. The authors 
believe that the changes in magnetic 
properties with cooling rate are di- 
rectly associated with the retained 
austenite. 

Stabilization treatments produced 
negligible changes in the magnetic 
properties of the water quenched 
samples. However, as the cooling 
rate decreased, stabilization had an 
increasingly greater effect, the effect 
being to change the properties in 
such a direction as to make them 
more nearly equal to the quenched 
samples. Except for the maximum 
energy product, the magnetic prop- 
erties of the three slowest rates still 
differed considerably from the water 
quenched samples even after a treat- 
ment of tempering + cooling + tem- 
pering + cooling. No retained aus- 
tenite measurements are reported 
following the stabilization treat- 
ments. 

As the austenitizing temperature 
is increased from 1500 to 1550° F., 
H, becomes relatively insensitive to 
stabilization treatments, while the 
other magnetic properties still are 
capable of being changed consider- 
ably. This behavior may be associ- 
ated with increased solution of alloy 
carbides at the higher austenitizing 
temperature. (Carbides formed 
about 10% of the structure at 
1500° F.) 

Samples isothermally transformed 
to bainite at 500° F. showed a higher 
B,., and a lower H, and EP,,,,, than 
those treated in the normal manner. 
In addition, the magnetic properties 
of bainite were insensitive to stabili- 
zation treatments. F.E. WERNER 


Oxidation of W-Cb Alloys 


Digest of “The High Tem- 
perature Oxidation of Tungsten- 
Columbium Alloys”, by J. W 


Semmel, Jr., @ Preprint No. 
161, 1959. 


AuTHOR of this paper reviews 

the existing literature describing 
the oxidation behavior of tungsten 
up to 2300° F., and describes briefly 
the results of an exploratory study of 
binary alloys of tungsten with cobalt, 
titanium, zirconium, tantalum, chro- 
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Still hitched to 
horse-and-buggy recorders? 


Boost volume... 
assure quality 


control costs 
with 1 


‘Tubeless Strip-Chart 
-Potentiometer Recorders: 


41st National Metal 
Exposition & Congress 
Nov. 2-6, 1959 at 
International 
Amphitheater 
Chicago 

Booth No. 1715 


Transistorized, these precise instruments avoid all the notori- 
ous tube-troubles. Needing no warm-up, adjustment, replace- 
ment of tubes or repair of their circuitry, Marksman recorders 
permit immediate and continuous operation...so increase pro- 
duction. 


Accurate within 1/5th of 1%, they also include several special 
features which provide for more user-convenience and con- 
sistent quality-control. Users in many lines report Marksman 
recorders involve less operational cost, as well as reducing 
waste of other factors. 


Let our world-wide service help on your own job. Phone your 


West consultant (see Yellow pages) or write Chicago office 
for Bulletin M. 


SALES OFFICES IM PRINCIPAL 
FACTORY AND GENERAL OFFICES: 


'4351 W. MONTROSE, CHICAGO 41, ILL. 
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BRITISH se 
WEST INSTRUMENT, LTD. 
52 Regent $t.,-Brighton 1, Sussex Represented in Canada by 


DAVIS AUTOMATIC CONTROLS, LTD. 


W-Cb Alloys . . . 


mium and molybdenum. Conclud- 
ing that alloys with columbium and 
with tantalum warranted further in- 
vestigation, the author selected 
columbium as representative of the 
probable chemical behavior of both. 

Earlier investigations of the oxi- 
dation of tungsten up to 1850° F. 
established the presence of a con- 
tinuous inner oxide and a porous 
outer oxide, resulting in oxidation 
beginning parabolically and even- 
tually becoming linear with respect 
to time. Extension to higher tem- 
peratures showed similar behavior 
up to 2100° F., but only parabolic 
oxidation at 2300° F. This change 
in oxidation behavior was attributed 
to melting of the outer oxide layer 
to form a semiprotective liquid layer 
at the higher temperatures. The 
present investigation using alloys 
was designed to develop solid oxide 
layers and slower oxidation at the 
higher temperatures. 

The alloys resulting from efforts to 
produce 10 at.% additions of cobalt, 
titanium, zirconium, vanadium and 
chromium were not particularly 
suitable, and did not show promising 
oxidation characteristics. An alloy 
containing 10 at.% Mo formed a 
liquid oxide at 2000° F. Alloys with 
columbium and tantalum produced 
solid oxides at 2300° F. 

Tungsten alloys containing from 
0.25 to 95 at.% Cb were prepared 
and oxidized in flowing dry air for 
periods of time from 1 to 6, 8 or 20 
hours. Hardness changes in the 
alloys were determined after oxida- 
tion for 1 hr. at 2000° F. The 
extent of oxidation was determined 
by measuring thickness changes. 
The structures of the oxide layers 
were examined microscopically and 
by X-ray diffraction. 

Tungsten alloys containing 2.5 to 
10 at.% Cb oxidized more slowly 
than unalloyed tungsten at 2000° F. 
At 2000° F. the oxidation is prima- 
rily linear with respect to time but 
is parabolic at 2300° F. Alloys with 
more than 15% Cb oxidize parabol- 
ically at both 2000 and 2300° F. 

X-ray and microscopic examina- 
tion indicate no significant difference 
in the oxide structures on the alloys 
which oxidize linearly at 2000° F. 
and parabolically at 2300° F., but 
the oxide formed at 2300° F. is 
harder and more dense. The struc- 
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HARRIS CHILLING HELPS 
MAKE PRECISION THEIR 
WIDDLE NAME AT . . 


Miniature Precision Bearings, Inc., 
Keene, N. H., achieves dimensional sta- 
bility in their tiny bearings through 
chill-treating AISI-440-C S.S. and SAE 
52100 steel in their Harris Chilling Ma- 

._ chine. The chilling process, at -120°F., 
minimizes molecular rearrangement 
and also effects further transformation 
from austenite to martensite. 

MPB also stabilizes tools and gages 
through Harris chill-treatment of alloy 
tool steels and high speed steels used 
in their fabrication. 


Harris Model 5L-B2 Refrigeration Machine 
chill-treats steel at MPB for dimensional sta- 
bility in precision bearings, tools and gages. 


Requiring the utmost in dimensional 
stability, MPB bearings are designed to 
operate at temperatures from —65° to 
-+- 150°F. In smaller sizes, 1000 MPB 
bearings weigh only 3.3 oz. Largest 
MPB part is the outer ring of a % inch 
ball bearing. The company has been so 
successful in living up to its middle 
name, “Precision,” that it was chosen 
one of the top ten plants in the U.S. by 
the magazine, “Factory Management,” 
in 1957. 

The Company’s General Marketing 
Manager, Mr. R. I. Kern, testifies that 
their Harris Chilling Machine effec- 
tively speeds transformation of the 
steels, gives more than adequate tem- 
perature control within 5°F., and of- 
fers easy accessibility for operation and 
adjustment. 


ASK HOW CHILLING CAN CUT YOUR 


COSTS, AND IMPROVE YOUR PRODUCT 
. . » NO OBLIGATION FOR OUR ADVICE. 


REFRIGERATION CO. 


306 RIVER ST., CAMBRIDGE 39, MASS. 
Our 25th Year os Specialists in 
i E gi i M i . ervice 


W-Cb Alloys .. . 


tural similarity and the densification 
at higher temperatures indicate a 
sintering of the oxide and consequent 
reduction in porosity of the outer 
layer, or deformation of the oxide 
and stress relaxation, as possible 
causes of the transition to parabolic 
oxidation. The oxide which forms 
parabolically at both 2000 and 2300° 
F. on the 20% alloy, has a different 
and complex structure, not yet iden- 
tified, from the oxide which forms 
on the 10% alloy. 

Limited hardness measurements 
conducted in the investigation indi- 
cate that alloys with less than 50% 
Cb behave more nearly like tung- 
sten, in that they are not greatly 
hardened or embrittled by absorp- 
tion of gases during oxidation at 
2000° F. for periods of an hour. The 
higher columbium alloys, like colum- 
bium, appear to be more drastically 
hardened. In some alloys, this hard- 
ening is more serious than the 


scalding, E. C. MILter 


Creep of Aluminum 


Digest of “Effect of Stress on 
the Creep of Aluminum in the 
Dislocation Climb Range”, by 
A. E. Bayce, W. D. Ludemann, 
L. A. Shepard and J. E. Dorn, @ 
Preprint No. 187, 1959. 


vious work from this same 
laboratory has shown that the 
creep of pure aluminum is controlled 
by different thermally activated 
processes depending upon the tem- 
perature of test. Over 425°F., 
activation energy for creep of alumi- 
num remains constant at 35,500 cal- 
mole up to the melting point. The 
coincidence of this activation energy 
with the estimated activation energy 
for self-diffusion of aluminum, and 
the extensive polygonization that 
occurs during creep in this tempera- 
ture range lead to the conclusion 
that the creep process under these 
conditions is controlled by the rate 
of climb of dislocations. In this 
paper, the authors have extended 
our understanding of the creep 
process by determining the effect of 
stress on the creep rate in this region. 
The problem was attacked by per- 
forming creep tests on pure alumi- 
num at temperatures greater than 


LOBECK 


CONTINUOUS 
CASTING MACHINES 


FOR THE PRODUCTION OF 


* EXTRUSION BILLETS 
* ROLLING MILL SLABS 
* WIRE BARS 


Now the revolutionary LOBECK 
direct-chill casting technique al- 
lows all copper and copper-base 
alloys to be cast continuously 
with maximum efficiency. Ma- 
terials ranging from phosphor de- 
oxidized copper to silicon and 
aluminum bronzes are being pro- 
duced in lengths up to 25 ft. The 
new casting process greatly re- 
duces capital investment and 
metal production costs. Metallur- 
gically, the d.c. cast product has 
a superior surface finish and a 
greatly improved internal struc- 
ture entirely free of porosity. 
LOBECK furnishes your complete 
casting shop and trains your 
personnel. 


LOBECK 


CASTING PROCESSES INC. 


| 
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Investigate Today how these versatile standard units might handle 
your work — and eliminate need for costly custom-built equipment. 


PERECO 


“PACKAGED” Electric KILNS FURNACES— 


Complete 
with 


Prosently being used in such 
besic industries as 


Metallurgy 
Ceramics 
Chernical 

Nucle 


FG SERIES LB SERIES 


Reports are coming in daily, telling of customers using 
these standard units in new ways — for heat treating 
operations created through new developments. Their 
extremely flexible firing cycles and accurate tempera- 
ture control gives them this broad versatility for lab, 
pilot plant or production work. And, they’re ideal in 
other respects! Completely self-contained, they are 
space-saving, easy to install and operate — and readily 


relocated to any department. For wide-range and var- 
ied application they are designed for firing from dry- 
ing temperatures up to 2700° F. (3000° F. “flash 
firing”) in three hours. Clean and efficient electric 
operation! Units illustrated are the smallest of a range 
of chamber sizes available. Also, a preferred choice 
of controls. They are popular, job-proven units worth 
investigating for your work. 


Model FG-76 HEAT TREATING FURNACE 


Model LB-74 GENERAL PURPOSE KILN 
(IMustrated above left) 


(Illustrated above right) 


Chamber Size: 8” wide x 16” deep x 6” high. ” x 
Overall Size: a” wide x 2444" deep x igh. 
Overall Size: 30” wide 40” 70” high. Operating Temperature:  2700° F. (Flash Firing 3000°.) 
Operating Temperature: 2500° F. Power Requirements: 220 or aso volts, single on three 
jase, cycle with variable 

Power Requirements: 15 KW, at 220 volts, 3 ora: 60 cycle. nput control 1.8 to 9 K. 

Controls: 36-tap auto-transformer (fine to coarse Controls: Automatic indicating-controlling 
switches), magnetic contactor, current pyrometer, 36-tap auto-transformer 
input meter, and safety overload circuit Mine to coarse switches), magnetic 
breaker. (Automatic controller available contactor, current input meter, and 
at extra cost.) safety overload circuit breaker, 

General Construction: Electrically welded gas-tight, heavily General Construction: Electrically welded, heavil 


reinforced steel case, with flame curtain reinforced steel case. Graded, super- 
available as optional equipment. Silicon duty insulation. Silicon Carbide 
Carbide elements. Super-duty insulation. elements. Wall-thick plug type door. 


Also manufacturers of special or standard kilns and furnaces from 500° F. to 5000° F. 


PERENY EQUIPMENT COMPANY 
Dept. Q, 893 ChambersRoad Columbus 12, Ohio 
bd Export Office: Ad. Auriema, Inc., 85 Broad St., N.Y. 4, N.Y. 
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PSC Sheet Alloy Radiant Tubes 
LESS LAST LONGE 


If you are using cast alloy tubes, 
we can quote you substantially less on 
our all-sheet alloy tubes. And, with dies on 4 
hand for many commonly used sizes of return ‘ j 
bends, we can frequently save our customers this : 
important cost. Records of scores of installations show PSC “Thin Wall” tubes are giving much | 


This” 


longer service life. For instance, Michigan Malleable Iron Co. reports: 
“We show an average life of over 3% years for your fabricated tubes, 
which is about double our experience with cast alloy tubes”. In PSC 
tubes the return bends are of the same metal and thickness as the legs, 
promoting uniform flow of gas and minimizing carbon build-up and conse- 
quent burn-out. Precision-assembled in any design or dimension. Also 
sheet-alloy heat-treating retorts and covers, boxes, baskets, fixtures, 
tubes, etc. We invite your inquiries. 


Save with PEC All-Sheet Equipment 


COMPACT VERSATILE 


Thermo Electric 
Pyrometer Indicators... 


measure your process 
temperatures with speed, 
accuracy and ECONOMY! 


Thermo Electric Millivoltmeter Indicators 
are compact and rugged in construction— 
simply designed for a wide variety of appli- 
cations, even under adverse conditions. 
They are available in many ranges—in 
standard thermocouple materials — from 
~350° to +2300° F., and have automatic cold junction compensation. Large 
open scale is easily read from a distance. 

These indicators are available with 6, 12 or 24 point rotary selector switches 
or with a 6 circuit connector panel and jack of matched thermocouple 
materials to eliminate erroneous emfs, 


Interested ?— Write for Bulletin 25H 


ampton, Ont. 


SADDLE BROOK, NEW JERGEY 


Creep of Al... 


425° F. The effect of stress was then 
determined by increasing and de- 
creasing the stress abruptly during 
the course of primary creep at each 
of several temperatures. The results 
of such tests show that barriers in- 
troduced during the course of pri- 
mary creep cause the creep rate to 
decrease continuously until a steady- 
state pattern of barriers is obtained 
under secondary creep. These bar- 
riers may be of two kinds: (a) re- 
coverable Lomer-Cottrell disloca- 
tions, and (b) stress interaction 
barriers between dislocation arrays 
on parallel planes. Furthermore, 
the creep rate is not a simple func- 
tion of stress; it depends also on the 
structure, the dislocation pile-up in 
arrays and the distribution of bar- 
riers. Upon a large decrease in 
stress, the creep rate has initially a 
high value ¢, which subsequently 
reduces to a first constant rate é, as 
the arrays thin out by climb, and 
then increases to another rate é,, 
the secondary creep rate for the re- 
duced stress as the original barriers 
recover and are replaced by new, 
more widely spaced barriers. 

Thus, it may be concluded that 
a simple functional relationship be- 
tween creep rate and stress does not 
exist; the effect of stress on the 
creep rate depends on the structure 
as well as the stress. In general, 
the creep of aluminum under con- 
ditions of changing stress can be 
resolved only qualitatively in terms 
of the dislocation climb models of 


T. E. Leontis 


Flow and Fracture of 
Vanadium 


Digest of “The Flow, Fracture 
and Twinning of Commercially 
Pure Vanadium”, by W. R. 
Clough and A. S. Pavlovic, @ 
Preprint No. 125, 1959. 


THS INVESTIGATION, some of the 
flow and fracture characteristics 
of commercially pure vanadium 
were compared with those of other 
body-centered cubic metals. 
Vanadium was initially prepared 
by bomb reduction of V,O,; with 
calcium, and was found to contain 
up to 0.047% C, 0.070% O and 
0.081% N. No oxides or nitrides 
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AJAX 


FORGING MACHINERY 
Engineered fo forge 


more accurate parts 


with Pais machining 


AJAX MACHINES are built with exceptionally rigid bed 


frames to assure excellent alignment and accurate die 
match. 


SOLID STEEL FRAMES provide the maximum rigidity 
necessary for the production of uniform and accurate 
forged parts. 


For a greater saving in material and machining costs 
Specify AJAX Forging Machinery. 


THE MODERN AJAX PLANT FACILITY EQUIPPED WITH THE LATEST IN MACHINE 
TOOLS TO BUILD THE BEST IN FORGING MACHINERY 


MANUFACTURING COMPANY 
1441 CHARDON RD. CLEVELAND 17, OHIO 
CHICAGO OFFICE: 110 S$. DEARBORN ST., CHICAGO 3, ILLINOIS 
WOOLDRIDGE CO: + BURLINGAME, CAL, « LOS ANGELES 22, CAL 
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Top efficiency... Competitive costs 


General Blower 


AVAILABLE IN 
MULTIPLE 
WHEEL TYPES: 


@ HEAVY-DUTY 


@ MATERIAL 
HANDLING 
“ee A type and design to serve 
> any industrial application. 
WRITE FOR BULLETIN IF-100 


| A GENERAL BLOWER “FIRST! | 
Capacity tables to show mechanical ond | 
| static efficiencies for each point of operation! 


| Write for details. | 


General 


TURBO-PRESSURE BLOWERS 


4 Oz. to 3 Lbs. PRESSURE 


80 CFM. to 10,000 CFM. 


Costlesstooperate 
« Deliver higher 
C.F.M. for a given 
H.P. with higher 
maximum effi- 
ciency. Available 

with 


General 
“DURA-TEMP” HEAT FANS 


GENERAL "DURA-TEMP” Heat Fons 


<>. heve acceptance by major kiln and 
irdestria! turnace 


WRITE FOR BULLETIN HF-100 


688 CEM. to 122,560 CFM. a" 12° | 


General Blower Co. 


SUBSIDIARY OF 


ILG ELECTRIC VENTILATING CO. 


DEPT. D, MORTON GROVE, ILLINOIS 


Vanadium .. . 


were found, but V.C was present as 
a second phase in all specimens. 
Tensile tests were carried out be- 
tween 200° C, (390° F.) and —196” 
C. (—320° F.); there was a fivefold 
increase in yield strength, a threefold 
increase in tensile strength, and a 
ductile-to-brittle transition as the 
temperature was lowered. The 
variation in yield stress with testing 
temperature is shown in Fig. 1. It 
was found to obey the same relation- 
ship as the low temperature data 


$8 


Yield Stress, 1000 Psi. 


0.004 0.008 0.012 
Reciprocal Testing Temperature, 1/°K. 


Fig. 1 — Effect of Testing Tempera- 
ture on the Yield Stress of Vanadium 


for iron and molybdenum. The 
ductile-to-brittle transition is clearly 
shown in Fig. 2 where the Charpy 
V-notch energy figures are plotted 
against the testing temperature. 
Transition temperature is 130° C. 
(260° F.) 
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5 40 
c 
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0 
-100 -50 0 50 100 
Test Temperature, °C. 


Fig. 2—Charpy V-Notch 
Energy Transition Curve 


150 


Unlike some body-centered cubic 
metals, vanadium was found to 
cleave on both the {100} and the 
{110} planes. In any one grain, 
cleavage occurred on one or both 


Sixty-three different com- 
positions enable you to 
determine and control 
working temperatures 
from 113° to 2000° F. 
TEMPILSTIK® marks on 
workpiece “say when” by 
melting at stated tempera- 
tures—plus or minus 1%. 


also available in 
pellet and liquid form 
Guide to Ferrous 


a16%"x 21" plastic-laminated 
wall chart in color. 


Tempil “Basic 


Send for sample pellets, stating 
temperatures of interest to you. 


CLAUD S. GORDON CO. 


Marufacturers Engineers Distributor 


613 West 30th St.. Chicago 16, Ill. 
2021 Hamilton Ave., Cleveland 14, Ohio 
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FILL MANY NEEDS AT NEW 
KAISER ALUMINUM PLANT 


A. this impressive new metal working plant, one of the nation’s 
largest integrated aluminum reduction-rolling operations, complete de- 
pendability of equipment is an absolute must! 

That’s why Surface Combustion Corporation selected SPENCER 
blowers for incorporation on a variety of their heating equipment 
including: 


© Slab Reheat Furnaces 
Annealing Covers 
© Soaking Pits 


SPENCER BLOWERS WERE SELECTED BECAUSE OF THEIR PROVEN ADVANTAGES: 


e Anti-surge feature 

¢ Simple construction (hence, minimum maintenance). 

© Constant pressure at varying volumes. 

© Power savings (air delivered only in proportion to requirements). 
© No special foundations, grouting or bolting down necessary. 


For complete specifications on 
Spencer Blowers—from 1/3 to 
1,000 H.P., volumes up to 20,000 
C.F.M., pressures from 4 oz. to 
10 lbs.—request Catalog 1268. 
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Ravenswood Works, Kaiser 
Aluminum & Chemical 
Corporation, Ravenswood, 
West Virginia 


ALSO MANUFACTURERS OF 


PNEUMATIC 
CONVEYING SYSTEMS 


INSTALLED VACUUM SYSTEMS 


PORTABLE VACUUM CLEANERS 


| 
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THE MOST FOR YOUR 
“ROCKWELL TESTING” 
DOLLAR! 


is precision built to give 

anteed precision results. 

of Clarks, with 

years of service all over the 
world, attest to this. 

The surprisingly low pri 
includes the precision Clark 
Diamond Cone 
as well as Steel Ball Pene- 
trators, a wide assortment of 
Anvils, Test Blocks, and 
other accessories. Available 
in two models, for Standard 
and Superficial “Rockwell” 
hardness testing, each with 
choice of 4”, 8”, 12”, or 
16” work capacity. 

Before you invest in any 
hardness tester, get the facts 
about the low price, speedy 
delivery, and guaranteed accu- 
racy of the Clark. Write today. 


CLARK INSTRUMENT, ING. 


MORE HEAT TREATING VOLUME 
with BASIC "BUZZER PACKAGE 


NO BLOWER OR OTHER POWER NEEDED 
.. just connect to gas supply 


Gas ATMOSPHERE 


QUENCH 


“BUZZER' modern gas-fired heat treating ond melting 
units give you the most dep bt and 


productions costs. When power is off —‘‘BUZZER’’ stays 
on the job! Stonderd and special furnaces, large or 
small, available to equip your shop to exact requirements. 


COMPLETE LINE OF BUZZER BURNERS FOR CLEANING, 


REG. PAT. OFRCE 


RINSING, PICKLING AND SUNDRY HEAT OPERATIONS 


WRITE TODAY FOR NEW “BUZZER” CATALOG 


CHARLES A. HONES, INC. 


123 $. GRAND AVENUE, BALDWIN, L.1., N.Y. © BAldwin 3-1110 
HEAT TREATING EQUIPMENT SPECIALISTS SINCE 1911 
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productive system for turning ovt quality jobs at -low TEMAPERING 


Vanadium .. . 


planes, and the nature of fracture 
is discussed in terms of these cleav- 
age planes. 

The paper contains a number of 
observations on mechanical twin- 
ning at low temperatures. While 
direct X-ray evidence is not pre- 
sented, the authors conclude that 
twinning occurs on the (112) plane. 
Several reasons are advanced for this 
postulate, and a general discussion 
of twin formation is given. No yield 
point was found in this vanadium, 
and the fracture was never predom- 
inately inter-crystalline despite the 
presence of V.C as a noncontinuous 
grain - boundary precipitate. 
Throughout the paper, comparisons 
are made between the behavior of 
this material and other body-cen- 
tered cubic structures. 

W. C. Wixecarp 


“Cold Worked” Austenite 


Digest of “Effect of Deforma- 
tion Prior to Transformation on 
of 4340 
Steel”, B. Kula and 

Dhosi, 


J oseph 
No. 129, 1959. 


@ Preprint 
THE LAST FEW YEARS several 
papers have dealt with martensite 
formed from austenite that has been 
“cold worked”, or deformed below 
its recrystallization temperature. 
The objective of the deformation is 
improvement of mechanical proper- 
ties, notably strength, ductility and 
notch toughness. The present paper 
comprises a study of the effect of 
cold working the austenite of A.I.- 
S.I. 4340 steel at 1550 or 1000° F. 
before quenching to martensite. Al- 
though the phenomenal increase in 
strength and ductility of steel re- 
ported by Lips and van Zuilen 
(Metal Progress, August 1944, p. 
103) could not be confirmed, sub- 
stantial improvements in both 
strength and notch toughness were 
achieved. 

The present work employed a 
commercial air-melted heat of 4340 
steel made in a basic-electric fur- 
nace and forged and rolled to plate 
1 in. thick. Plate specimens were 
austenitized for 30 min. at 1550° F., 
rolled at 1550 or 1000° F. to the de- 
sired thickness in one pass, and oil 
quenched. Total time for the oper- 
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‘ON VOSS ROLLER 


down time 


One of two Voss Levelers in operation at the Lancaster, Pa., plant of Quaker State Metals Co. 


Ask Quaker State Metals Company, a leading supplier Voss Levelers will solve almost any leveling problem 
of aluminum to siding manufacturers. Quaker State puts . . . at high production speeds. Patented features make 
all their aluminum siding stock through Voss Levelers, possible accuracy and flatness unheard of with any 
because only Voss gives them the absolute flatness their other leveler, equalling or exceeding stretcher-level flat- 


customers demand. ness in many cases. Voss Levelers are now in use in 
Quaker State’s first Voss Leveler was installed 214 steel, aluminum and other non-ferrous plants, in appli- 
years ago, the second one a year later. Both have with- cations ranging from heavy plate to cold-rolled strip, 


stood long periods of 24-hour operation, leveling up to galvanizing lines, aluminum sheets and many others. 
75,000 Ibs. per machine daily . . . with no downtime Let Voss put its years of experience to work for you. 
since installation! Call or Write today. 


OS'S eneinzerine co. 
& 7301 Penn Ave. Pittsburgh 8, Pa. Churchill 2-4422 
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Large aluminum impellers 


cast smooth and accurate 
with metallurgical quality 
for high speed applications 
are among the specialties of 
Morris Bean and Company, 


Yellow Springs 10, Ohio. 


aluminum 


magnesium 


ductile iron 


foundries 


Austenite .. . 


ation at 1550° F. was 10 sec. For 
the 1000° F. rolling, the plates were 
air cooled to 1000° F., equalized for 
2 min. in a muffle furnace at this 
temperature, rolled and oil quenched. 
Unfortunately, some pro-eutectoid 
ferrite formed during the air cool- 
ing, and this may have had some 
adverse effects on the results, espe- 
cially on the notch-impact data. 
Conventional tensile and Charpy V- 
notch tests were made on the rolled 
plates after holding for 1 hr. at the 
appropriate tempering temperature 
and oil quenching. 

A large volume of data is provided 
in the paper. A few of the high 
points are summarized in the next 
two paragraphs. 

The effects on the 4340 steel of up 
to 72% rolling at 1550° F. and oil 
quenching are as follows: (a) There 
is no significant effect on the ultimate 
tensile strength; (b) the 0.2% yield 
strength is increased about 25% in 
the as-quenched condition, specifi- 
cally from 205,000 to 255,000 psi. — 
after tempering, the improvement is 
smaller in magnitude, specifically 
from 230,000 to 255,000 psi. after 
a 400° F. temper; (c) the notch-im- 
pact properties were improved as 
shown by a decrease in the transi- 
tion temperature, an increase in the 
energy level both below and above 
the transition temperature, and by a 
smaller 500° F. embrittlement on 
tempering. 

Lowering the temperature of de- 
formation to 1000° F., and thereby 
increasing the severity of the cold 
work, increases the absolute values 
of strength over those attained by 
deformation at 1550° F. The effects 
of rolling up to 72% are: (a) The ul- 
timate tensile strength is improved 
in both the as-quench condition and 
after tempering — for example, after 
tempering at 425° F., it is raised 
13%, specifically from 270,000 to 
310,000 psi.; (b) the 0.2% yield 
strength is improved in both the as- 
quenched and tempered conditions, 
specifically a 19% increase from 
235,000 to 280,000 psi. was noted 
after tempering at 425° F.; (c) the 
notch-impact properties, on the 
average, show no significant im- 
provement because of the rolling. 

It is interesting to speculate on the 
reason or reasons for the marked im- 
provement in mechanical properties 


3000 West Sixth St., 


RARE EARTH 


YTTRIUM 
METALS 


In your unceasing search for prom- 
ising new materials for metallur- 
gical applications, you are sure to 
find it interesting and provocative 
. +. and quite likely rewarding .. . 
to investigate the rare earths. 

Rare earth and yttrium metals 
are readily available from our in- 
ventory in a wide range of purities 
in experimental quantities. Primary 
forms are ingots, lumps and turn- 
ings. Costs are reasonable and ad- 
vantageous for your research or 
product development operations. 

Lindsay rare earths cover the 
whole gamut of rare earth tech- 
nology, from crudes to highly re- 
fined materials. For instance: 
LANTHANUM has one of the largest 
liquidity ranges of the metals (MP 
920 °C, BP 4200 °C). 
GADOLINIUM is ferromagnetic up 
to about room temperature (Curie 
temperature 289 °K). 
DYSPROSIUM and HOLMIUM ore fer- 
romagnetic below 85 and 20 °K 
respectively. 

YTTRIUM is available in grades 
ranging from high purity to crude 
alloys with magnesium. 

Lindsay is the world’s largest 
producer of rare earth, yttrium, 
and thorium materials. We can 
furnish you with a considerable 
amount of interesting and reveal- 
ing technical data on rare earth 
and yttrium metals, including a 
detailed tabulation of properties, 
purities, and costs. 

Please ask for our bulletin “Rare 
Earth and Yttrium Metals.” It will 
be sent to you promptly. 


Linpsay CGiemicat Drvision 


American Potash & 


99 Park Avenue, New York 16, N.Y. 


Los Angeles 54, Calif. 
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Only new 


TURCOAT 


LOW TEMP 
PHOSPHATING 


gives you up to 200 mg/sq. ft. 
of zinc phosphate coating in 
2 short minutes at 95° F. 


The Turcoat low temperature phosphating process pro- 
vides permanent paint adhesion when used at an econom- 
ical, easy-to-maintain temperature of 95°F. This 
temperature is lower than that required by other “cold” 
phosphating processes. It is up to 75° lower than temper- 
atures required by conventional phosphating processes. 
You save up to 75% in steam, water, electricity and down- 
time costs alone! 


As a base for paint, the Turcoat low temp phosphating 

provides a uniformly smooth coating of up to 
200 mg/sq. ft. in two minutes at 95°F. As a base for 
corrosion prevention, it provides an 1100 mg/sq. ft. 
coating in just eight minutes at 95°F. 


Turco has waited to announce low temperature phosphat- 
ing until it was thoroughly perfected and proven, through 
exhaustive field testing, to be the very best. For this rea- 
son, you'll find that with this new process, just as with 
Turco’s hundreds of other cleaning and chemical proc- 
esses, you are assured of trouble-free operation, ease of 
control, and dedicated technical service ...anytime, any- 
where! Write today for the full story of Turcoat low 
temperature phosphating, along with Turco’s phosphat- 
ing reference chart. There's no cost... no obligation. 


TURCO PRODUCTS, INC. 
24600 South Main Street, Wilmington, California 
Please send full details on Turco’s new low temperature 


phosphating process and Turco’s phosphating reference 
chart, without cost or obligation. 


TURCO PRODUCTS, INC. 


Chemical Processing Compounds 

24600 South Main Street, Wilmington, California 

FACTORIES: Newark, Chicago, Houston, Los Angeles, London, 

Rotterdam, Sydney, Mexico City, Paris, Hamburg, Montreal, 
Manila, Noho (Okinawa) 

Manufactured in Canodea by 8. W. Deane & Co., Montreal ADDRESS 
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Metals for 
Supersonic Aircraft 
and Missiles 


Ar 


New ASM Book based on 


the 1957 Albuquerque Con- 
ference on Heat Tolerant 
Metals for Aerodynamic 


Applications sponsored by 
the American Society for 
Metals and the University 
of New Mexico. 


This is a book for the designer 
and the metallurgist who 
must have an increasingly 
effective partnership to 
achieve urgent aircraft and 
missile goals. It is a book 
for specialists in— 


® aerodynamics 

® ceramics and cermets 

® electronics 

® heat flow 

temperature proper- 
es 


lubrication 


® material procurement 

© mechanical structures 

thermodynamics 

© protective metallic coatings 
® vibrations 


This complete documenta- 
tion of the problems facing 
metallurgy and design, fab- 
rication and testing, this 
study of progress to date, 
should be in your library 
for study and reference use. 
It is a new, up-to-the-min- 
ute, authoritative book— 
order now. 


$7.50 Postage Paid | 


203 illustration 
8 


432 pages 
6” x 9” 
red cloth binding | 


Austenite . . . 


because of cold working the austen- 
ite. One possible reason is that the 
martensite plates that form in the 
deformed austenite are finer than 
those forming in undeformed austen- 
ite. Metallographic evidence of this 
difference was found in the 4340 
steel. Presumably the smaller mar- 
tensite grains or platelets increase the 
strength and notch toughness in 
much the same way that small grains, 
in general, increase the strength and 
toughness of metals. Also it is pos- 
sible that the well-known strength- 
ening effect of cold working is 
passed along from the cold worked 
austenite to the martensite, 

To take advantage of the cold 
working of austenite, we must re- 
member that even after tempering 
up to 600 or 700° F. the hardness 
will be Rockwell C-50 or higher in 
steels containing 0.40% or more car- 
bon. This precludes most machin- 
ing operations. The cold working 
could be used where simple sections 
are needed, such as strip, sheet, wire 
or extrusions. Quenching on a con- 


tinuous basis directly as the mate- 
rial leaves the mill or die is practical. 
It could also be used for small forg- 
ings where pieces could be quenched 
directly upon leaving the die. 

O. O. 


Internal Damping 


Digest of “Influence of Static 
Stress and Temperature on In- 
ternal Damping”, by J. W. Clark 
and W. C. Hagel, @ Preprint 
No. 118, 1959. 


FATIGUE FAILURES may be reduced 
by two methods. Structural sup- 
ports can be designed to have a high 
damping capacity or the designer 
can use a component material which 
absorbs the vibrational energy to 
dissipate it as heat (internal damp- 
ing). Much of the work carried out 
on internal damping has been at 
room temperature and at zero static 
stress, although for design purposes 
it is clearly desirable to have data 
on the internal damping of a material 
which is subject to a high vibratory 
stress, static tension stress and high 
temperature simultaneously. 
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BRINELL HARDNESS 
TESTS WITH 


by Test Head 
with Chain Adapter 


The KING © 


PORTABLE TESTER. 


ONE 

TEST HEAD 
FITS MANY 
INEXPENSIVE 
ADAPTERS 


King Test Head 
in 1342” base with 
King Brinell Scope 


King Bore Brinel! 
with small test 
head for pipes, 


cylinders, etc. 


@ Gap 


King Test carbide bail. 


The KING PORTABLE HARDNESS TESTER 

@ To test any size, shape or thickness of metal. 

 Suaranteed accurate on-the-spot tests — anywhere! 
1342” 

chain 

@ Loads from 6242 Kg. to full 3000 Kg. 5mm or 10mm steel or 


— 30”. Throat 4” — 6%” or larger with 


@ Will make tests in places no other tester can reach — includ- 
ing cylinder bores. 


Write for literature and prices to Dept. MP-!'59 


TESTER CORPORATION 440. N. 13th St, Philo 23, Po. 
Known the world over accuracy and 
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Alcoa puts the metal where you want it 


More than a hundred tons of Douglas DC-8 kiss the run- 
way on forged aluminum wheels like this one. Strength 
and lightness are obvious requirements. Even more es- 
sential is reliability through landing and after landing 
to guard the safety of passengers and crew. 

Logically enough, rugged aluminum forgings were 
elected for the job. Then came many hours of Alcoa 
skill in die design, demonstrated in the remarkable zebra 
stripes visible in the cross section. They represent the 
aluminum grain flow* and illustrate how the tough alu- 
minum grain is forged to withstand the shock loads of 
landing impact, plus the cyclic fatigue of rotation, all 
with a wide margin of safety. 

Alcoa forges these wheels with a unique combination 
of blocker and finishing dies to put the metal exactly 
where it’s needed. Alcoa Alloy 2014-T6 assures excellent 
machinability for the designer and producer, Bendix 
Products Division, Bendix Aviation Corporation. And 


Alcoa’s forging plants, with hydraulic press capacities 
up to 50,000 tons, provide on-the-nose deliveries. 
Think of Alcoa" Forgings when strength and lightness 
are rigid design requirements. Producing a complete line 
of forgings, Alcoa forges more large and complex shapes 
than any other supplier. Aluminum Company of Amer- 
ica, 919 Alcoa Building, Pittsburgh 19, Pennsylvania. 
*The patterns shown in the illustration were produced in 
Alcoa's Research Laboratories as part of a study of grain 
flow developed by the dies used to forge the DC-8 wheel. 


Alcoa puts the metal where you want it—in castings, forgings, impacts, 
extrusions and screw machine parts 


For exciting drama watch “Alcoa Presents’’ every 
Tuesday, ABC-TV, and the Emmy Award winning 
‘Alcoa Theatre’’ alternate Mondays, NBC-TV 


ALUMINUM 


Your Guide to the Best in Aluminum Value 


ARAZIEN 
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CURME'E premium quality works for 
you in products like these 


Curtiss-Wright Metals Processing brings out the best 
that an alloy can offer—steps up the performance of 
forgings, castings and extrusions—helps underwrite 
the performance of your product in use. 

For example, exclusive CURMET rotary forging 
places the metal where it is designed to be on a stepped 
shaft, reducing chip production cost up to 50%. 
CuRMET ceramic mold casting reproduces so closely 
to blueprint that non-machinable alloys can be cast, 
giving your product far greater wear resistance. 


This is true with each of the CuRMET precision 
methods for shaping hard-to-work metals. Further, 
production facilities are integrated . . . the large 40-foot 
stainless steel extrusions you require can be delivered 
heat treated to optimum strength level, the close-tol- 
erance forgings you need can be finish machined and 
assembled ...all within the CURMET one-source service. 

To strengthen your product or process by putting 
premium quality to work for you, call the nearest 
CurRMET representative or write for full information. 


Visit uc at booth 1730, National Metals Exposition, Chicago, Nov. 2-6 


CURTISS-WRIGHT 


CORPORATION 
78 GRIDER STREET 
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BUFFALO 16, NEW YORK 


METAL PROGRESS 


= 
7 


On cars of TOP PRESTIGE and HIGHEST VOLUME 


’ ; Leadership demands the best in performance .. . 
you ll find wheel covers of and only stainless steel will do for the gleaming 


wheel covers of leading cars. We are most proud 

= that SUPERIOR Stainless Strip Steel is used in 

Su cari or the fabrication of wheel covers by Brown-Lipe- 
D Chapin. Every stainless quality is in our product, 

plus the finer forming behavior that is tradition- 


STAINLESS STEEL ally Superior. Let us discuss your stainless strip 


requirements. 


SUPERIOR STEEL DIVISION 


OF 
The wheel covers illustrated were fabricated by COPPERWELD STEEL COMPANY 
Brown-Lipe-Chapin Division, General Motors CARNEGIE, PENNSYLVANIA 


Corporation, Syracuse, New York. Fer Export: Copperweld Stee! international C y, New York 
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SOLID-WALL INSULATION 
Highest quality graded fire-brick and 
block insulation. Greatly reduces heat 
loss, maintenance and operating costs. 


CAST IRON FRONT PLATE 

Far superior. Stands up in burn- 
ing atmosphere — won't warp or 
buckle. Or wrought steel weld- 
ment for gas-tight construction. 


SYNTHETIC MULLITE 
REFRACTORIES 

Outlast all other refractories many 
times over. Extra stable at high temps 
— won't slump, crack, spall. 


GAS-TIGHT SHELL 
Reinforced steel plate. Com- 
pact, extra-sturdy, mainte- 
nance-free design. 


LOW-WATT DENSITY 
HEATING ELEMENTS 
Nickel chromium ribbon or new thru- 
type ceramic rods. Extra long life — 
minimum of hot spots, arcing, fusing. 


AUTOMATIC TEMPER- 
ATURE CONTROL 

Includes controls, thermocou- 
ple and leads, magnetic 
contactor. Wide choice of 
accessories. 


CLOSE-FITTING 
DOOR 


Well insulated. Fea- 
tures exclusive cam- 
action closing device 
—plus Hayes “Certain 
Curtain” protection 
gainst air tami 
nation. 


Easily adapted to critical work 
requiri low dewpoint atmos- 
pheres, by addition of muffle and 
pre-heat chamber. 


Versatility multiplies the value and economy of any external generating equipment, these two furnaces 


good heat treating furnace. That’s why Hayes are readily adaptable to reducing, as well as oxidiz- 
Standard Type LR Preheat and CG Superheat Fur- ing atmospheres . . . for treating virtually all types 
naces are designed to handle almost limitless hard- of steels and many non-ferrous metals. 


ening and annealing applications. Used with Hayes Both the Hayes LR Preheat Furnace and the CG 


Superheat Furnace are often called “spare tire” 
furnaces. Each features Hayes patented “Certain 
Curtain” atmosphere control, which acts as an 
emergency stand-by when external gas generating 


equipment is not in use. 
¢ a Before you select any furnace, compare it with 


Hayes for job flexibility . . . plus operating economy 
. . . plus all these quality-construction advantages! 


Write today 
for Bulletin 461 


ELECTRIC FURNACES 
Ag?) 


See us at Booth 531 


HAYES 
We're showing one of INC. 
Hayes latest furnaces. Established 1905 


802 WELLINGTON AVE. ° CRANSTON 10, R. i. 
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For Faster, Better, 
Lower Cost Plating 


Use 


B«A METAL FLUOBORATES 


Lead Lead-Tin Alloy 
Nickel Tin 


Copper 


Bearings and other engine parts—Lead-tin alloys of low 
tin content, plated from B&A fluoborate devel, will 
provide good corrosion and wear resistance as well as supe- 
rior lubricating properties to protect bearings, pistons, 
other parts which require marginal lubrication during 
engine break-in periods. 


Plating electrotype shells—Lead-Tin Fluoborate and Tin 
Fluoborate solutions made from B&A concentrates can be 
used successfully for plating electrotype shells. The lead- 
tin bath is employed where low melting deposits are de- 
sired, while the tin bath provides a higher melting point 
and faster rate of plating. 
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High-speed wire plating —The fast piating rate of B&A 
Copper Fluoborate makes possible high-speed electroclad- 
ding of steel wire and results in hard, high-strength de- 
posits. For plating copper wire, B&A Lead-Tin Fluoborate 
solutions are used to produce a more uniform, more readily 


soldered product. 


4 


Printed circuits—Low cost, easily assembled printed cir- 
cuits for radio and other electronic equipment may be 
plated economically and efficiently with B&A ound and 
B&A Lead-Tin Fluoborates. Use B&A Copper Fluoborate 
for high-speed followed by B&A Lead-Tin 
Fluoborate to give a deposit that may be easily soldered. 


Other important operating advantages 
B&A Metal Fluoborates come in ready-to-use 
concentrated solution form. Baths made from 
fluoborates have excellent stability, with ease of 
maintenance . . . have good covering power . . . 


give fine-grained deposits of good color. 


Want further information? 


Write us today for technical data on your appli- 
cation, or ask to have a B&A representative call. 


GENERAL CHEMICAL DIVISION 


40 Rector Street, New York 6, N. Y. 
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Internal Damping . . . 


This paper describes experiments 
on a hardenable 12% Cr stainless 
steel (A.LS.I. 403), titanium, and 
two ferromagnetic austenitic alloys 
(cobalt bases, one with 24% Ni and 
the other with 34% Ni, 2.5% Fe) 
using fixed-beam specimens. For 
the zero static stress condition, the 
specimen (20 x 0.3 x 0.125 in.) was 
fixed horizontally at both ends to 
large steel blocks; one of these 


blocks could be rotated downward 
and loaded to apply a static stress. 
The specimen was vibrated with an 
electromagnetic drive coil, and the 
vibration amplitude was measured 
optically. Observation of the vi- 
bration decay which occurred when 
the drive coil was disconnected was 
made on a decibel-level recorder via 
a capacitance pick-up. In this way, 
the internal damping, expressed as 
the logarithmic decrement of the 
vibration decay curve, was measured 
at vibratory stresses from zero to 


To make non-deforming parts 
easier and at lower cost 


-.- Use new Brown & Sharpe 
Ready-Mark Air-Hardening Flat Stock 


Here’s the most modern and practical 
form of steel available for dies, gages, 
parts and tools in which distortion must 
be minimized during heat treatment. 
You get an easy machining, 5.25 
chrome, deep-hardening type A2 (AISI) 
tool steel with outstanding dimensional 
stability — a steel that won’t shrink or 
crack, even through thin sections, when 
cooled in air. It is precision ground to 
35 micro-finish or better in 249 handy, 


individually-packed, 18”-long sizes. 

And, B&S Ready-Mark Air-Harden- 
ing flat stock comes ready-to-scribe, 
with a smooth, rust-resistant maroon 
finish. This identifies the steel right up 
to heat treatment — saves layout time. 

Ask your Brown & Sharpe distrib- 
utor for B&S Ready-Mark 


Air-Hardening flat stock. 4 oo 
Brown & Sharpe Mfg. Co., |: — 
Providence 1, Rhode Island. I a 


Brown & Sharpes 


300 


35,000 psi. and at static tension 
stresses from zero to 19,000 psi. A 
tubular heating furnace with a he- 
lium atmosphere permitted a range 
of 75 to 1100° F. to be investigated. 

The data are presented as a series 
of curves relating the logarithmic 
decrement and maximum normal 
stress as functions of temperature 
and amount of static stress. In ad- 
dition, changes in the internal damp- 
ing due to a cyclic magnetic field 
were measured for the A.I.S.I. 403 
alloy; similar measurements were 
made for the Co-Ni-Fe alloy using 
a d-c. field. Reference should be 
made to the original paper for a de- 
tailed account of the changes in 
internal damping brought about by 
these variables. The following are 
the main conclusions for each alloy 
investigated. 


A.LS.1. 403 


1. At low vibrational stress (less 
than about 5000 psi. peak), in- 
creasing temperature results in in- 
creased internal damping. 

2. At high vibrational stress 
(greater than about 17,000 psi. 
peak), the internal damping first 
decreases with the temperature and 
then increases. This minimum can 
yield low values of the logarithmic 
decrement for certain combinations 
of static stress and temperature. (As 
an examp'e, at a high vibrational 
stress and under a static stress of 
19,000 psi., the value of the logarith- 
mic decrement at 500°F. is only 
0.0018 compared with 0.025 at room 
temperature with zero static stress.) 
The subsequent increase in internal 
damping at high temperatures is 
attributed to the onset of micro- 
scopic plastic flow. 

3. With an increasing cyclic mag- 
netic field, damping first increases 
and then continuously decreases. 
(To give an instance, at high vibra- 
tional stress the logarithmic decre- 
ment for a field strength of 450 
oersteds is 0.006 compared with 
0.028 for zero field.) 


Titanium 


1. The internal damping of titan- 
ium is very low (logarithmic decre- 
ment of the order of 0.0005) under 
all the ambient conditions used. 


Ferromagnetic Austenitic Alloys 


1. The internal damping of these 
alloys falls with increasing tempera- 
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NEW 


Twenty percent more strength at 1200°F from this 
turbine disc gave added dependability for a West- 
inghouse customer using W-545. This new high- 
temperature alloy will withstand higher stress levels 
than similar alloys at the same operating tempera- 
tures ... or it will withstand equivalent stress char- 
acteristics at 100°F higher operating temperatures. 
Critical high-temperature parts can be made from 
this material that have excellent strength-to-weight 
ratios and can be used at temperatures up to 1350°F 
... excellent characteristics at —300°F. 
W-545 has proven itself superior for turbine wheels 
. compressor dises and shafts . . . combustion 
chambers . . . housings and skin materials. W-545 is 
nonmagnetic and has a low strategic alloy content, 
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Sind 


HIGH-TEMPERATURE ALLOY 


W-545 HAS 20% MORE STRENGTH 


permitting ease of fabrication for fasteners . . . rings 
. spacers... fittings . . . brackets . . . supports 
and mounts. 

The Westinghouse Metals Plant can furnish strip, 
sheet, bar, forgings and forging stock in W-545 and 
other wrought high-temperature alloys. Get all the 
information today; write: Westinghouse Electric Cor- 
poration, Materials Manufacturing Department, 
Blairsville, Pennsylvania. J-05010 


You CAN BE SURE...1F 17S 


Westinghouse 


WATCH ‘WESTINGHOUSE LUCILLE BALL-DES! ARNAZ SHOWS'' CES Tv FRIDAYS 
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Internal Damping . . . 


ture; the dependence on temperature 
is, however, smaller than it is for 


A.LS.1L. 403, 

2. Static stress or an axial d-c. 
magnetic field is more important in 
reducing imternal damping than 
temperature. 

3. At low vibratory stresses, the 
damping capacity of the Co-Ni-Fe 
alloys exceeds that of A.1.S.I. 403. 
At high vibratory stresses, A.LS.1. 


403 stainless steel is found to be 
superior. 

The paper includes measurements 
of the dynamic elastic modulus of 
each material and its variation with 
temperature. Increasing the tem- 
perature from 75 to 1100° F. reduces 
the modulus by 15% for Co-Ni and 
Co-Ni-Fe and by 19% for A.LS.I. 
403. It was found that a reduction 
of 12% occurred for titanium over 
the temperature interval 75 to 
520° F. 

W. M. WILLIAMS 
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An installation of Pacific pusher type draw furnaces. Temperature 
range 1000-1400°F. Work is carried in boxes on roller rails, utilizing 
hydraulic pushers, automatic dump and box discharge. Recirculated 
air heating system uses metallic ducts for distributing heated air 
uniformly in large volume for rapid heating and best temperature 


uniformity. 


CALL OR WRITE TODAY FOR A COMPLETE ANALYSIS OF YOUR HEAT TREATING 


PROBLEM; QUOTATIONS WITHIN 24 HOURS . . 


. DELIVERY, IN MANY CASES, 


WITHIN 24 DAYS! 


Standardized Carbo-Nitriding, Recirculating, Pit-Type Draw, Box and Pot Furnaces; 
Specially Designed Continuous and Batch Type Hardening, Annealing and Draw 
Furnaces; Direct Fired or Atmosphere Controlled. 


The 


Pacific INDUSTRIAL FURNACE CO. 


24680 TELEGRAPH RD. 


DETROIT 41, MICH. 


Phone: KEnwood 7-4250 


Slip Casting References 


(Continued from p. 102) 
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Carbon and Nitrogen in 
Austenitic Steels 


Digest of “Effect of Intersti- 
tial Carbon Plus Nitrogen and 
Precipitation Reactions on the 
Properties of Authentic Cr-Mn- 
C-N Steels”, by C. M. Hsiao and 
E. J. Dulis, S Preprint No. 128, 
1959. 


HE 24 Cr-Mn-C-N steels exam- 

ined in this investigation become 
supersaturated solid solutions when 
quenched from above 2100° F. to 
room temperature. However, arti- 
ficial aging treatments or service at 
elevated temperatures bring about 
two kinds of precipitation: (a) dis- 
continuous precipitation, in which 
“lamellar nodules” of or 
form at grain boundaries, and (b) 
general precipitation of Crj,C, in 
the form of a Widmanstiatten struc- 
ture. The occurrence of Cro,C, as 
grain-boundary nodules or as a dis- 
persed precipitate depends on the 
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Don’t 


quenching 
rejecis! 


A recent job order for 45,000 automotive head 

bolts resulted in variable core hardness after 
quenching. Recharging the system with Sinclair 
Quenchol’ 521 brought the bolts to uniform hardness 
of 52-54 Rc—and the 45,000 bolts were saved! 
Quenchol oils have earned the reputation for long 
service life, too—a further saving. Next time 
management asks you how you've cut costs, tell 
them you've switched to Sinclair—and show 

them far superior results in quenching. 


Call you clair 
for further informatio r write for 
Compa ny. Te = Site 
There's 


Oils 
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up to 
4000°F. 


uniform 
temperature 
distribution 


rigid - 
zone control 
to + 3° F. 


Write today 
for complete literature 


Marshall's tubular, shunt-type laboratory furnaces are 
compactly designed to apply electrical heat up to 4000° F 
under exact control. They are widely used as components 
of machines for tensile, stress-rupture and fatigue testing 
of metals, ceramics and cermets; also for creep testing 
metallic alloys. 


Marshall’s control panel regulates the t of heat 
developed in the whole unit. Accurately spaced, prop- 
erly anchored furnace coils maintain uniform temperature 
distribution. Test duration may range from moments to 
10,000 or more hours. 


Rigid control to +3°F. at any point in the test zone is 
easily achieved. Many experienced operators of Marshall 
furnaces report temperature can be held to +1°F. Shunted 
resistances, co-ordinated with the control panel, provide 
the extremely accurate zone-by-zone temperature control. 
Standard dels are available with inside diameters from 
1” to 6” or more, and from 12%” to several feet long. 
Custom models are developed to meet special needs. 


270 W. LANE AVENUE 


COLUMBUS 2, OHIO 


Austenitic Steels . . . 


composition of the steel, the aging 
temperature and whether or not an 
applied stress is present. The pres- 
ent work is concerned with the effect 
of these precipitation reactions on 
the strength and creep rupture prop- 
erties and also with the effect of 
chromium, manganese, carbon and 
nitrogen on the yield strength. 
Experimental ingots ranging in 
composition from 0.09 to 0.79% C, 
0.09 to 0.84% N, 10 to 28% Mn and 
12 to 25% Cr were forged to %-in. 
square bars, solution-treated for 1 
hr. at 2150° F., and water quenched. 
Those samples which were subse- 
quently aged were heated in the 
range 1200 to 1600° F., and water 
quenched. Tensile tests were car- 
ried out at both room and elevated 
temperatures; creep rupture tests 
were made in the range 1100 to 
1800° F. Structural changes were 
followed by hardness, X-ray, mag- 
netic and microscopic measurements. 
Room-temperature tensile tests on 
the solution-treated steels show that 
carbon and nitrogen had a_pro- 
nounced effect in enhancing the yield 
strength, and, further, that this 
strengthening could be expressed as: 
yield strength oc 
[wt.% C+1.2 wt.% N] 
These elements were much more 
important in this respect than either 
chromium or manganese. The au- 
thors attribute the strengthening 
effect to the lattice strain caused by 
the interstitially dissolved carbon and 
nitrogen. This was confirmed by 
measuring the lattice parameters of 
several of the steels. When lattice 
parameter was plotted against the 
factor (wt.% C+1.2 wt.% N), a 
straight line resulted, suggesting that 
yield strength is directly related to 
the enforced expansion of the lattice 
by carbon plus nitrogen. The rather 
stronger effect of nitrogen compared 
with carbon was put down to its 
greater valence electron content 
(five) compared with carbon (four). 
Tensile tests at 1300 and 1600° 
F. showed that yield strength was 
still proportional to the factor (wt.% 
C+ 1.2 wt.% N); variation was more 
pronounced at room temperature. 
Precipitation, whether general or 
discontinuous, exerts two opposing 
effects. Softening can occur, due 
to the depletion of the matrix of 
carbon and nitrogen. Hardening can 
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McCulloch Corp. 
chose this 


DESIGN | FEATURES... 
4 FOR GREATER 
EFFICIENCY, MORE ECONOMY! 

@ Oil sealed hearth with 
adjustable speeds 
Floating hearth plates 
Automatically controlled 
uniform temperatures 
Various sizes and capacities 
available 


ROTARY 
HEARTH FURNACE 


pore crankshafts, gears, and other precision parts 
where final dimensions must be held within close toler- 
ances has proven a profitable operation for McCulloch Corp. 
— using a Pacific Rotary Hearth Furnace! 

This highly efficient, continuous furnace requires only one 
operator... to load cold parts and remove hot ones for 
quenching. Even this job can be taken over by automatic 
charging and discharging mechanisms if desired! The fur- 
nace has controls to vary the speed of the rotary hearth from 


Temperatures to 2000°F 
Automatic charging and 
discharging devices available 
Rated at 9OKW with two zones of 
control. Preheat zone is rated 
at 60KW and holding zone rated 
at 30KW. 

Door has flame curtain to 
prevent infiltration of air to 
furnace when open. 
Endothermic atmosphere is 
used to prevent decarburization 


15 minutes to 114 hours. It is also equipped to automatically 
stop at pre-set positions to speed up the loading and unload- 
ing operations. The position may be varied as the parts vary. 


Widely used for forging, annealing, heat treating and draw- 
ing of ferrous and non-ferrous metals where large production 
rates are a factor, the Pacific Rotary Hearth Furnace has a 
record of top performance in many plants. Various sizes and 
capacities with temperatures to 2000°F are available. Call 
Pacific Scientific now .. . for a rotary hearth furnace that will 
be just right for your specific job. 


during the heating cycle. 


TRADE MARK 


GAS OR ELECTRIC INOUSTRIAL HEAT TREATING EQUIPMENT 


PACIFIC SCIENTIFIC COMPANY . P. 0. Box 22019, Los Angeles 22, Calif. 
}Please send me in- [] Please send me [) Please send me a copy of 
~ formation on custom your FREE Brazing your new catalog and full 
designed furnaces Catalog information on Pacific | 
Heat Treating Equipment 


San FRANCISCO Name 


CREATIVE DEVELOPMENT 
AND MANUFACTURING aga 
IN FURNACE DESIGN 


Zone State 
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Visit us at Booth 
1644 41st National 
Metals Exposition, 


INSTRON 


Twinning 
in Face-centered 


Cubic Metal 


Recent studies of the deformation char- 
acteristics of copper single crystals at 4.2°K 
and 77.3°K were made on the Instron Uni- 
versal Tester equipped for low temperature 
testing. 

Special x-ray techniques were used to 
examine the tested samples . . . one of the 
results: mechanical twinning in face-centered 
cubic metal. 

This heretofore unproven fact is veri- 
fied in a 10-page, illustrated article on the 
testing of copper single crystals which is 
now available to you. Write 
for bulletin M-2 . . . it is one of 
many technical articles cover- 


ing all fields of testing now 
ready for you in reprint form. 
INSTRON: 
ENGINEERING CORPORATION 
eH 2507 WASHINGTON STREET, CANTON, MASS. 
er EUROPEAN OFFICE: SEEFELDSTRASSE 45, ZURICH, SWITZERLAND 
FLOOR MODEL INSTRON — full scale TABLE MODEL INSTRON — full scale 
load ranges: 2 grams to 10,000 pounds. load ranges: 2 grams to 200 pounds. 
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occur, because the precipitates are 
themselves hard and cause local lat- 
tice strains. In the present alloys, 
a resultant hardening always oc- 
curred after aging treatments at 
1200 to 1600° F. Hardness changes 
were not, however, a reliable guide 
to changes in strength but the fol- 
lowing conclusions could be drawn: 

1. Specimens containing lamellar 
precipitates were weaker than when 
they were in the solution-treated 
condition. General precipitation had 
a strengthening effect. 

2. All aged specimens failed in- 
tergranularly and had a lower duc- 
tility than their solution-treated 
counterparts. For example, aging a 
0.4 C, 16 Mn, 17 Cr, 0.3 N steel at 
1600° F. reduced the elongation 
from 64 to 17%. 

Tensile tests carried out at 1200° 
F. on specimens which had been 
previously aged to produce different 
kinds of precipitate showed little 
variation in the yield strength. This 
was attributed to counterbalancing 
effects of softening and hardening. 

A large number of creep tests 
were made in the range 1100 to 
1800° F. to determine the effects of 
composition and precipitation. Tests 
were made on specimens that had 
been given a prior aging treatment 
as well as on specimens that had 
only been solution-treated (and were 
therefore bound to precipitate sur- 
plus solute during the test runs). 
The results for all the steels at all 
temperatures and stresses were 
plotted as master rupture curves. 

As with the short-time yield strength 
values, the creep rupture strengths 
increased markedly with carbon- 
plus-nitrogen content, optimum ra- 
tio of carbon to nitrogen being 
about 1 to 1. The substitutional ele- 
ments, chromium and manganese, 
were of secondary importance. 

The kind of microstructure which 
developed during the test period, or 
which had been deliberately pro- 
duced by a prior aging treatment, 
was also important in determining 
the creep-rupture strength. Grain- 
boundary (lamellar) precipitates 
were preferred sites for crack forma- 
tion, and were therefore detrimental 
to creep strength. Finely dispersed 
precipitates were found beneficial 
to the creep and creep rupture 
properties. W. M. MILLER 
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600 800 1000 1200 1400 1600 1800 — 2200 «2400 reactor applications. It is highly resistant 
to corrosion and has good stability of emf 
during long exposure at 500° to 1000°F. 
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CHROMEL-ALUMEL EXTENSION LEAD WIRE 
Widely used with Chromel-Alumel thermocouples 
to eliminate the cold-end errors often caused by 
so-called “compensating” leads of different com- 
positions. Unconditionally guaranteed as to accu- 
facy at temperatures up to 400°F. 


SPECIFICATION 3-G-170: Specially processed close 
tolerance material widely used for precision re- 
search work. Accuracy of temperature measure- 
ment is guaranteed to be within +5°F. over the 
operating range from 1000°F. to 2000°F. 


GUARANTEED MILLIVOLT- 
AGE MATERIAL: The world’s 
standard of accuracy for con- 
trolling the heat treatment of 
metals. Unconditionally guaran- 
teed to register temperature-emf 
values within +-4°F. from —300° 
to +530°F.; and within +% & 
from +531° to +2300°F. 


of 


EMF OF CHROMELAWWMEL THERMOCOUPLE ALLOYS AS 
«ESTABLISHED BY THE NATIONAL BUREAU OF STANDARDS 
—300°F. to +2300°F. Reference Junction +-32°F. 


specially processed to close resis- 
tance limits for accurately measut- 
ing the high exhaust temperatures 
of jet aircraft engines. 


SPECIFICATION 3-G-187: A special 


*TRADE NAMES YOU CAN TRUST 
for accurate temperature measurement! 


When you buy thermocouples, bear these facts in mind: Hoskins 
Chromel-Alumel are the only base metal alloys known which have been 
thoroughly proved in use at operating temperatures ranging from —300° 
to +2300°F. They are unconditionally guaranteed as to accuracy, 
extremely sensitive to temperature fluctuations, highly resistant to 
oxidation. What’s more, when properly installed in suitable protection 
tubes, they give long-life service in any commercial furnace atmosphere. 
Catalog M-56-CA contains complete technical data —send for it today! 


Genuine Chromel and Alumel are produced exclusively by 
HOSKINS MANUFACTURING CO. 


4445 LAWTON AVENUE «+ DETROIT 8, MICHIGAN 


40 
HOSKINS 
= ‘25 
15 
- 
-1 
-1 
a 
| 
2) 
—— 
— 307 


Whatever Your Measure... 
UDDEHOLM Spring Steels 


are quickly obtainable from warehouse stocks 


Uddeholm Company of America, Inc. regularly maintains 
large stocks of tempered and annealed spring steels for 
rapid delivery to you. Large modern warehouses in New 
York, Cleveland and Los Angeles are set-up to provide 
almost any size, grade or quantity you may need. Choose 
from, over 1000 sizes, from 4%” to 1614” wide, from 
001" to .125” thick. You can obtain quickly 
hardened, tempered, polished blued steels in such wide 
sizes as 6" x .005” or 124%" x .016” . . standard grades 
SAE 1075, SAE 1095 or other analyses for special appli- 
cations. . all types of finishes such as Bright Blue, 
Straw Polished, and Scaleless Blue. 


Modern slitting and edge finishing facilities can satisfy 
your needs, exactly! 


Uddeholm Spring Steels have 
long been famous for their: 


e@ Accuracy of Size— 


e@ Uniformity of Hardness and 
Analysis— 


e Better Flatness and Finish— 


e Longer Fatigue Life— 


Write for your free catalog-stocklist today! 


why UDDEHOLM COMPANY OF AMERICA, INC. 


155 East 44th Street, New York 17, N.Y. ¢ MUrray Hill 7-4575 


BRANCH OFFICES & WAREHOUSES: Long Island City, N.Y.: 22-14 37th Ave. MUrray Hill 7-4575 Cleveland: 4540 East 71 Street, Diamond 1-1110 


TOOL AND DIE STEELS 


Los Angeles: 5037 Telegraph Road, ANgelus 2-5121 DISTRICT REPRESENTATIVES: Chicago: Frank J. Mackin, Leroy E. Marshall, 55 East Washington, STate 2-1649 


COLD ROLLED SPRING Detroit: Warren H. Nugent, 17304 Lahser Road, KEnwood 5-6340 Philadelphia: Frank T. Campagna, 1418 Walnut St., PEnnypacker 5-2114 


STEELS 
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TOOL STEEL WAREHOUSE DISTRIBUTORS: Rockford, Il!.: Rockford Industrial Stee! Service, 2229 Twenty-Third Ave. WOodland 3-5463 
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M-S-A® LIRA® Infrared Analyzer Model 300. wide. 6%"’ high. 18%,"" long. 


new from MSA: simplified, low-cost 
infrared analysis of furnace atmospheres 


Here at last is a new, low-cost infrared analyzer that greatly 
simplifies measurement of CO, COe, methane and dew point. 

The new M-S-A® LIRA® Model 300 is not complex. Fact 
is, it’s a very easy instrument to live with. As an effective 
check against quality control problems in furnace atmos- 
pheres, this unit is invaluable. It really helps reduce rejects. 


For Total 
Combustibles: 
M-S-A® Combustible 
Gas Analyzer 


The LIRA 300 is compact and lightweight. Entire 
assembly is mounted on a single roll-out tray. And if port- 
ability is desired, a handle can be added. 

More information? Please state your particular problems 
of atmospheric analysis and control when you write for 
our informative new bulletin. 


INSTRUMENT 
DIVISION 
M-S-A° Onygen Mine Safety Appliances Company 
Analyzer Pittsburgh 8, Pennsylvania 
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For operation at temperatures up to 2000° F- 


This is the new Ipsen automatic heat treating unit... 
designed for carburizing, carbon restoration, carbo- 
nitriding, neutral hardening, marquenching, normaliz- 
ing, annealing, and brazing. Thousands of hours of con- 
tinuous operation at 2000°F prove these units can easily 
withstand extremely high temperatures ...as well as 
carbon-rich atmospheres. 


The ability to operate continuously at elevated tempera- 
tures increases production and lowers costs. For example, 
raising carburizing temperature from 1700°F to 1900°F 
doubles the case depth obtained in 3 hours. The following 
table shows in greater detail how higher carburizing 
temperatures result in increased carbon penetration: 


TOTAL CASE DEPTH FOR CARBURIZING C8620 STEEL 
Temperoture 1 hour 2 hours 

1700°F .023 .031 

1800°F .028 

1900°F .038 -060 

2000°F -052 081 


A newly published bulletin (T-19-C) discusses, in detail, 
patented Ipsen features and engineering advancements 
such as: 


''Straight-through’’ design which eliminates in-and-out 
operation and needless loading delays or extra handling. 


e Automatic loaders and in-line transfer mechanisms 
(which require floor space only 6” longer than actual 
work baskets). 


¢ Guaranteed super-alloyed ceramic heating tubes 
which are impervious to high carbon and high hydrogen 
atmospheres . . . resist extreme temperatures of heating 
and cooling. 


Patented super-alloyed ceramic ''Flame-Busters'’ 
which increase heating efficiency over older model 
furnaces by 40%. 


¢ Ceramic fans of one piece, super-alloyed construction 
which can be used at temperatures beyond 2000°F. 


Call your nearest Ipsen office for a copy of Bulletin T-19-C, 
"The facts on new Ipsen automatic heat treating units’’ 


AUTOMATIC 


HEAT TREATING UNITS 


IPSEN INDUSTRIES, INC.» 723 S. MAIN STREET » ROCKFORD, ILLINOIS 
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NOTHING DOES IT LIKE A 
SALT BATH! 


—_EYANAMID 


There are other ways to heat treat metals, but nothing 
quite compares in deep-down, over-all, satisfying results 
with a Salt Bath. 

For one thing, salt furnaces heat work faster and more 
evenly because temperatures are uniform throughout the 
bath. Too, salt baths eliminate scaling and decarburiza- 
tion without the use of special atmospheres . . . even from 
bath to quench since a thin protective layer covers the 
metal. Partial immersion of the work also allows selec- 
tive heating. 


AEROCARB® — Carburizing Compounds 
AEROCASE® —Case Hardening Compounds 
AEROHEAT® — Heat Treating Salts 
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With all of this, initial costs, operating costs and 
maintenance costs are low. Long pot life means less down 
time; high thermal efficiency means low operating expense. 
Mechanization saves labor costs, increases production. 

Why not check with your Process Chemicals salesman 
and learn of the “engineered advantages” of Cyanamid’s 
highest quality heat treating salts—or drop us a line. 
Then, put your heat treating, case hardening and car- 
burization jobs into a bath filled with Cyanamid Salts, 
settle back and enjoy the satisfaction of a job well done. 


— CYANAMID 


AMERICAN CYANAMID COMPANY 
PROCESS CHEMICALS DEPARTMENT 
30 Rockefeller Plaza, New York 20, New York 
in CanadawCyanamid of Canada Limited, Toronto and Montreal 
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model records on chart 11” wide, 120’ long. 


Bristol Millivoltmeter Py- 
rometers—Free Vane* py- 
trometer controllers 
(shown) of indicating 
types. Many control 


Dynamaster Electronic Potentiometer Pyrometer—Strip-chart 


easy-to-read 9” scale 


Dynamaster Electronic Potentiometer Pyrometer — Round- , 
chart model records on 12” chart, indicates on extra large 


MODERN PYROMETERS... key to profitable use of HEAT 


Bristol recording and automatic controlling pyrometers for temperatures up to 
5000° F can help you increase product uniformity, cut fuel and maintenance costs 


Bristol makes a wide range of pyrometers for every require- 
ment: Electronic potentiometers, millivoltmeter and radia- 
tion types ... for furnaces, ovens .. . every type of heating 
equipment, every kind of fuel. The reliability and accuracy 
of these precision instruments have been proved in thousands 
of installations. 

Take just one advanced Bristol instrument, for example, 
the Electronic Dynamaster* Potentiometer Pyrometer: 


CONTINUOUS STANDARDIZATION PLUS 
ACCURACY OF STANDARD CELL 


Continuous standardization in Dynamaster Electronic 
Pyrometers requires no dry-cells, but still retains the pre- 
cision standard cell for highest stability and accuracy of 
voltage reference. Results: No interruption to operation, no 
batteries to change. And here are just a few of the Dyna- 
master types available: 


A model for every requirement: Dynamaster Pyrometers 
are available as single-pen, two-pen, and multiple-record (up 


to 24 points) strip-chart instruments and as round-chart 
instruments. 


Electric and pneumatic controllers: Both strip- and 
round-chart instruments are made in a very wide variety of 
controllers that meet every furnace and oven control require- 
ment, including the following in a great many forms: 


Electric Control—on-off, proportional input, 3-position, pro- 
portioning, proportional with automatic reset, and time- 
program. 


Pneumatic Control—on-off, proportional, and proportional 
with reset. 


Miniature Dynamaster Pyrometer: Full plug-in flexibility 
... takes only 5” x 5%” of panel space, but has aame basic 
accuracy, same time-tested operating principle as full-size 
Dynamaster pyrometers described above. Ideal for graphic 
panels and centralized recording or indicating of large num- 
bers of variables. Either electrical or pneumatic control 
types available. 

Write for complete data on Bristol Pyrometers—and re- 
member Bristol offers a complete line of thermocouples and 
pyrometer accessories. The Bristol Company, 106 Bristol 
Road, Waterbury 20, Conn. *7.M. Reg.U.S.Pat.Of. 9-2 


Ri | L -..for improved production through measurement and contro! 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
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FLEXAL 


METALLIC BASE 
LUBRICANTS 


FLEXAL Hot dip, dry film lubricant and rich, 
s dry drawing compound. 


FLEXAL . Metallic stearate base. Medium vari- 
MCA grind compound. 


FLEXAL Metallic stearate base. Rich, fine 
MCF mesh drawing compound. 


FLEXAL Lean, fine, dry lubricant for low car- 
MCL bon bright and cold heading wires. 


Extremely fine particle size (5-7 mi- 

crons), pure metallic stearate, excel- 

FLEXICHEM lent parting agent for resin coated 
cs sand molds; lubricant for powder 


metallurgy parts. FREDDIE FLEXAL 


Invites you to visit us at: 
owt & GaeranY BOOTH 920 at the METAL SHOW 
SOAP DEPARTMENT 


4115 Packers Avenue: Chicago Q, Illinois 
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Arve SOLID SOLUTION of tungsten 
and molybdenum is now in produc- 
tion at Sylvania. Finished ingots and 
electrodes can be made to contain 
any proportions of these metals, in- 
cluding 50/50. 

The new Sylvania process assures 
a true solid solution throughout every 
ingot . . . an assurance never possible 
with other processes. 

This breakthrough results in a vir- 
tually new metal .. . combining many 


¥SYLVANIA® 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 


Breakthrough in 50/50 Tungsten-Molybdenum! 


of the best qualities of both tungsten 
and molybdenum with hitherto un- 
obtainable uniformity. 


Sylvania currently is turning out 
arc-casting electrodes and direct-forg- 
ing ingots in sizes up to 4 feet long 
and 5 inches in diameter. New equip- 
ment now being installed will yield 
ingots to 10 inches in diameter and 4 
feet in length. Ask your Sylvania 
representative for further details, or 
write to the address below. 


Sytvania Execrric Propucts Inc. 
Chemical & Metallurgical Div. 


Towanda, Penna. 
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QUALITY OF “MINUTEMAN” 
MISSILES PARTS DETERMINED 
BY STANDARD STEEL WORKS RESEARCH 


Months of research and development of various rigid 
quality-control procedures at Standard Steel Works 
Metallurgical Laboratories preceded the delivery of 
‘‘Minuteman” missiles parts of extremely high- 
quality material. 


Standard Steel Works’ laboratory facilities—second to 
none in industry—make possible delivery of unusual 
forgings from special steel alloys in record time. Missiles 
parts of the highest cleanliness ratings have been fur- 
nished from both air and vacuum melted steel. All are 
subjected to ultrasonic inspection under water for de- 
fects and to microscopic examination for cleanliness. 


Second stage motor case ring—vacuum-melted 300M steel 


Standard Steel Works Division 
BALDWIN :- LIMA: HAMILTON 


BURNHAM, PENNSYLVANIA Rings Shafts Car wheels Gear blanks Fianges Special shapes 
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Third stage motor case ring—air-melted AMS-256 steel 


RESEARCH 
DEPTH... 


keeps Lee Wilson first in annealing 


Typical scene at Lee Wilson Research Center shows test coil (on the right) 
being tight-wound for temper rolling after annealing; on the left, an inner 
cover over a test charge being purged. 


Research in depth keeps Lee Wilson the first name in advanced 
annealing techniques and equipment. Here is shown a part of the 
full-scale experimental equipment built by Lee Wilson engineers to 
thoroughly test the new opened coil method of annealing under actual 
operating conditions. Such extensive research facilities aid in the 
design and construction of better equipment and enable steelmakers 
to test their products in this new equipment. The world’s leading 
steelmakers have sent silicon, tin plate and carbon coils to the Lee 
Wilson Research Center for thorough annealing tests. Full-size coils 
of many different analyses have been annealed in this opened coil 
pilot plant with exceptional results. 

It is this kind of “beyond-the-drawing board” effort that is the 
secret behind the advanced design and dependability of Lee Wilson 
annealing equipment. If you want concrete evidence of what the 
world’s most highly developed annealing techniques can do for your 
product, why not arrange now for a coil test. 

ENGINEERING 


20005 WEST LAKE ROAD @ CLEVELAND 16, OHIO 


{ HIGH PRODUCTION ANNEALING SYSTEMS 


os MAKE THE BEST METALS BETTER 


% ORIGINATORS AND LEADING PRODUCERS OF OPENED COIL AND SINGLE STACK FURNACES 


enaties Lee 
and const tion 


Extensive temperature un 
installation to make permanent reco 
of every thst. 


Full-ecet® croduction fumece for an- 
nealing opened colls, 
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File Hardening 


4 
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Nicholson Fiie Co.: Many thousand tiles are hardened daily; Speedomax control helps keep rejects to absolut 


Control of iead pot temperatures a problem? 


Not at Nicholson File Co., Anderson, Ind., where Speedomax® H controllers are holding critical hard- 
ening temperatures to within +5 F. With file hardening an art, Speedomax H permits a skilled operator 
to devote all his attention to producing a hard, straight, undistorted file. Since installing automatic con- 
trol, rejects have been minimized ... pot life has increased substantially ... new-operator training time 
appreciably reduced. Rugged, compact and completely reliable, Speedomax H is providing similar process 
benefits on numerous other heat treat operations . . . is helping both to modernize production and to 
produce a quality product. Whatever your heat treat, it’ll pay you to investigate Speedomax H! For 
details, contact your nearest L&N office or write 4927 Stenton Avenue, Philadelphia 44, Pennsylvania. 


4 


With automatic control holding pot tempera- 

tures to within +5F, skilled operators can mt 
devote all their attention to producing files 
which consistently meet maximum hardness and 
straightness specs. 


LEEDS NORTHRUP 
instruments + Furnoces 
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*INDUCTOMELTING is high-frequency induction melt- 
ing PLUS the additional advantages of INDUCTO design 
features and engineering techniques. 


INDUCTOMELTING* MEANS Sawing 
IN INSTALLATION AND OPERATING COSTS 


From the moment your INDUCTO equipment is 
installed, you start saving money. And this saving 
continues for the life of the equipment. 


The reason is simple. Inductotherm engineers 
have applied the advantages of modern design to the 
well-established principle of high-frequency induc- 
tion melting. Take 1NDUCTO control cabinets, for 
instance . . . they are surprisingly compact yet they 
contain all the control, metering equipment, capac- 
itors, transformers and selector switches necessary 
for the efficient operation of induction furnaces. We 
ship them completely assembled to keep installation 
costs at a minimum. Now .. . look at the furnaces. 
The exclusive INDUCTO power leads enter through 
the trunnion. No furnace pits are required. There's 
very little bus bar to buy and install because the runs 
are short. Installation time is minimized—an addi- 
tional saving because you are in production faster. 


How does INDUCTO equipment operate? Your 
men will find that it handles easily—effectively. Its 
high melting speeds and precise temperature control 
will soon show you how INDUCTO equipment often 
pays for itself in two to three years of operation. 


The features which cut installation costs also con- 


OCTOBER 1959 


tribute to operational savings. For example, the 
water-cooled furnace leads are specially constructed 
to handle high-frequency currents easily. Because 
they enter the furnace through the trunnion, they can 
be much shorter, thereby reducing electrical losses. 
The furnace selector switches, designed by Inducto- 
therm engineers, are the most efficient of their kind. 
They are located on the lower front of the panel to 
provide a continuous current flow from the capaci- 
tors to the furnaces and to eliminate unnecessary bus 
bar. The high-frequency transformers, built to 
INDUCTO specifications, have an efficiency rating 
of 99.5%. In fact, every component reflects our suc- 
cessful efforts to achieve top operating efficiency. It 
all means better melting—INDUCTOMELTING! 

These cost-sav- 
ing features are de- 
tailed in our Bul- 
letin 70. . . send 
for your copy to- 
day. INDUCTO- 
THERM CORPO- 
RATION, 412 Illi- 
nois Ave., Delanco, 
N. J. 


INDUCTOTHERM™M 


... the mark of modern melting 
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PRECISE} HARDNESS CONTROL 


to your specifications with 


J&L Cold Rolled Strip Steels 


Variations within standard commercial limits of hardness 
for strip steels may not provide the quality needed for 
most critical applications. 


At J&L the newest equipment and techniques are used to 
provide controlled hardness—to your specifications. 


Basic oxygen converters, high standard open hearth prac- 
tice and electric furnaces provide optimum melting con- 
ditions, new hot strip mills are specifically designed to 
produce the finishing temperatures needed for inherent 
quality. Cold mills, annealing and normalizing furnaces and 
other equipment are designed specifically for precision 
strip steel processing. 


With an organization experienced in specialized strip steel 
processing, your most rigid specifications can be met 
consistently. 


For your convenience, precision strip facilities 
are available to you in our plants at Youngstown, 
Indianapolis, Los Angeles and Kenilworth (N. J.) 


The small unit rotary annealing method assures precision temperature 
control and develops optimum hardness and microstructure for hig 
carbon, low carbon and alloy strip. 


STRIP 


LOW CARBON + HIGH CARBON + ALLOY + STAINLESS 
TEMPERED SPRING STEEL + ZINC AND COPPER COATED 


Jones & Laughlin Steel Corporation - STAINLESS and STRIP DIVISION + Youngstown 1, Ohio 


Tempilstik 


TEMPILSTIKS’ are widely used as a standard method of determining temper- 
atures in welding procedures, metal working and heat treating, steam trap main- 
tenance, tire-retreading, plastic forming and hundreds of other heat-dependent 
operations. Available in 80 different temperature ratings . . . $2.00 each. 
Most industrial supply houses carry Tempilstiks’. If yours is an exception, then 
write direct to us for further information. 


Tempil CORPORATION © 132 West 22nd St., New York 11, W. Y. 
VISIT US AT BOOTH 225—NATIONAL METAL EXPOSITION—CHICAGO-—NOV. 2-6 
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All new Precision Line ElectroniK circular and strip 
chart instruments have the new Honeywell Constant 
Voltage Unit that accurately regulates d-c 

reference supply to the measuring circuit. No more 
batteries, standard cells or standardizing mechanisms 
... and no more of the problems they pose. 


The Constant Voltage Unit delivers a constant, 
rectified voltage from line supply. It uses dependable 
Zener diodes and a reliable ambient temperature compensator. 


This latest improvement in ElectroniK instruments 
assures even greater dependability, and less maintenance, 
and is still another reason why ElectroniK instruments 
are your best value in measurement and control. Get full 
details from your nearby Honeywell field engineer. 

Call him today . . . he’s as near as your phone. 


MINNEAPOLIS-HONEYWELL, Wayne and Windrim 
Avenues, Philadelphia 44, Pa. 


Honeywell 
Coutiol 


No batteries to replace . . . no 
recording or control deviation 
due to low battery voltage. 


No button to push on the in- 
strument for standardization 
t ... no false readings because 
of failure to standardize. 


No blanks or shifts in the instru- 
ment's response to variables. 
E You get complete continuity of 
recording and control. 
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Equipment is also available for producing simple or obrnplex 

Cc of Hydrided Zircontum. Finished r convent mil 
memeare supplied in commercial, reactor grade or Zircalow 
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WELDED 
ZIRCONIUM METALS CORP. OF AMERICA 


.. FINISHED 
Oivision ef National Lead Company 


1 BROADWAY, NEW YORK cITy 
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Processing belts must withstand destructive forces that ordinary conveying belts never encounter. 


When processing is your problem. . . specify 
Wissco Woven Wire Belts 


There are two general categories of belts. First, belts 3. Wissco Belts are pretested, including furnace testing if re- 


that merely convey products from one place to another quired, without cost to you. You know your Wissco Belt has 
under normal conditions. Second, belts that are an operated correctly before you get it. 

integral part of a process—where conditions exist such You also get these Wissco services: belts washed and 

4 as heating, sudden cooling, corrosion, abrasion, or circu- degreased before shipment, then shipped on a reel (no 


lation of gases or liquids. For ordinary conveying, many charge for the reel). A Wissco reel, often replacing 
types of belts will fill the bill. But for processing, just several packing crates, saves you freight and handling 


any belt won’t do—a woven wire belt is the best answer. charges, and makes installation quicker and easier. 
Here’s why Wissco Woven Wire Belts meet your pro- Your Wissco Belt engineer is always available to help 
F cessing requirements: with your belt installation or operating problems. Con- 


tact the CF«lI office nearest you today. 
1. Wissco Belts have an open mesh—permitting free circulation 


or drainage of air, liquid or gases. Corrosive liquids do not 


i stay on the belt. And the open mesh allows rapid and effi- 
_ cient heating or cooling of the product conveyed. WwW i Ss Ss Cc oO B E LT s 
THE COLORADO FUEL AND IRON CORPORATION e-perey 
Stainless or special alloy—to meet temperature extremes, In the Eost: WICKWIRE SPENCER STEEL DIVISION—Atlonta. - Boston - Buffalo 
corrosive or abrasive conditions, or operational wear. Chicago - Detroit - New Orleans - New York + Philadelphia 7088 
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RESISTANT 


A.C.1. 
A, HC, HD, HE, HF, HH, 


XN HK, HL, HN, HT, 
HU, HW, HX 


Agta CF-8, CF-20, CF-8M, 


CF-12M, CF-8C, CF-16F, 
CH-20, CK-20 


LOOK NO FURTHER THAN 


For over a quarter of a century 

Fahralloy has served the needs of 

themnation's leading industries with highest 
quality alloy castings. Whether your 

particular need is for heat resistant alloy 
castings or stainless, you can be sure they'll 
be made to your exact specifications 

when you place your order with Fahralloy. 


TING 
»? 


1SOTH AND LEXINGTON AVENUE HARVEY, ILLINOIS 


QUALITY e SERVICE e INTEGRITY 
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you are looking 
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CA-15, CA-40, CB-30, CC-50, 
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STEEL- WELD FABRICATION 


PRECISION WELDMENTS 


Fabricated and Machined to Specification! 


The 40-Ton Press Bed, undergoing machining operations above, is 
typical of Mahon workmanship and capabilities in this field. It is one of 
thousands of Steel-Weld Fabricated parts and assemblies produced by 
Mahon for manufacturers of processing machinery, machine tools, and 
other types of heavy mechanical equipment. 

When your design calls for weldments of any kind, you, too, will want 
to discuss your requirements with Mahon engineers; because, in the 
Mahon Company you will find a unique source for weldments or welded 
steel in any form ... a fully responsible source with a long and enviable 
performance record, and unusual facilities for design engineering, 
fabricating, machining and assembling. 


See Sweet’s Product Design File for information on Facilities, or have a 
Mahon sales engineer call at your convenience. 


THE R. C. MAHON COMPANY e¢ Detroit 34, Michigan 
SALES-ENGINEERING OFFICES in DETROIT, NEW YORK, CHICAGO and LOS ANGELES 
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‘Canadian Steel Wheel | Ltd: us uses 
combustion 


60° Rotary Furnace heats 348 blocks 
(foreground) for press forging railway 


wheels. 


Furnace Pressure +0.0025" we 
— controlled by this North 
American 16” diaphragm Reg- 
ulator operating the damper 
on a 60’ CANEFCO furnace. 


Fuel-air ratio set on control 
panel for each of 5 zones is 
accurately maintained at all 
flow rates by North American 
Regulators. Flow is controlled 
by North American crank type 
cylinders onremote fuel valves. 


Light weight and compactness 
allow regulator to be bolted 
directly on instrument panel 
without supports. Manual 
operation is achieved by 
panel-mounted push-button 
positioning of the fuel valves. 


Pressurized return lines permit 
low cost installation using 
small tubing. Pump can be 
above or below unit. 


For engineering information, call 
your nearby North American 
Combustion Engineer [PS 
or write for Bulletins 


The North American Mfg. Co. 
Cleveland’5, Ohio. 
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NE TESTING EQUIPMENT 


to speed your research programs 


4 Dynamic load recorder makes a Eee 

permanent record of fatigue tests 
and stress history of vibrating struc- OT ee 
tures. It also provides a check on 

both operator and machine, thereby 

reducing the possibility of errors. 

Especially valuable for longer tests 

where a recording oscillograph would 

require an impractical quantity of re- 

cording paper. In zero to 12 cpm 

range, it plots the complete load cycle 

with one pen; in the 500 to 4000 cpm 

range, dual pens plot the upper and 

lower peaks of the applied dynamic 

load. Chart speeds: 1, 6 and 12 in. per 

hour. For more information, send for 

Product Data 4286. 


Torsion Pendulum. Determine tor- 
sion modulus and damping character- 
istics of plastic materials with this pre- 
cision torsion pendulum. Calibration 


Self-checking offset yield strength 
curves are furnished for the percent printer speeds production testing—automati- 
crystallinity and density of Teflon* as cally records offset yield strength, extension 
a function of torsion modulus deter- under load, or yield point, together with tensile 
mined by this device. It consists of a strength. Use with any standard B-L-H testing 
pair of calibrated torsion arms which machine. Offset yield indicator circuitry ignores 
are suspended from the specimen and local stress-strain curve irregularities at start of 
made to oscillate by battery-operated test; rejects data where curve does not have a 
electromagnets. Bubble on frame and linear portion adequate to determine slope or 
shockmounted leveling screws permit where an error exists in equipment setup cr 
: Operation. Typewriter 
precise adjustment of vertical axis. 


indexes and advances 
For more information, send for Prod- automatically. For more 
uct Data 4181. 


information, send for 
*Du Pont registered trademark Product Data 4285. 


Easy-to-operate axial stress 
fatigue machines (Models AH-5 
and AH-20) are especially suited to 
the testing of bolts, other round 
threaded devices, fasteners, sheets and 
chains. Substantial allowable creep 
permits testing at elevated tempera- 
tures. Alternating and static forces are 
set directly in pounds. Operating con- 
trols and instruments are housed in a 
separate console. Available in two 
models: 5000 Ib. maximum total force 
(tension or compression) with maxi- 
mum alternating force of +2000 Ib.; 
20,000 Ib. maximum total force (ten- 
sion or compression) with maximum 
alternating force of +8000 Ib. For 
more information, send for Product 
Data 4231. 


Look to B-L-H—makers of the best in testing—for all your testing equipment needs. Consult 
your B-L-H representative for information about B-L-H’s broad line of machines and accessories 
for tension, compression, creep, fatigue, impact or torsion measurements. Or write Dept. 2-J. 


BALDWIN LIMA: HAMILTON 


Electronics & Instrumentation Division 
Waltham, Mass. 


SR-4® Strain Gages * Transducers * Testing Machines 
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SOLVING MODERN DESIGN SPECIFICATIONS 


Parts for Missiles—Rockets—Jet Engines are constantly calling for newer alloys 
to operate at higher temperatures. Alloys made by the Midvac process of consum- 
able electrode melting are currently answering these needs and new ones are 
being developed in anticipation of more critical operations. 


Midvac Alloys insure increased tensile and impact properties, improved stress 
rupture strength at elevated temperature, and longer fatigue life. 


Standard commercial alloys can also be made with increased cleanliness 
resulting in higher properties than have been available under conventional means. 


Offered in ingots, billets or forgings for the production of missile com- 
bustion chambers, tail cone assemblies, jet engine parts, aircraft landing gear 


components or any other parts requiring properties beyond the capabilities of 
conventional steels. 


MIDVALE-HEPPENSTALL CO., NICETOWN, PHILADELPHIA 40, PA. 
Subsidiary of HEPPENSTALL COMPANY, Pittsburgh, Pa. 
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Ta ke me TO "With Rust-Lick 606 spray-on, 
moisture absorbing, a 


lubricating mist 


For positive, long-term 
protection of .. . 


dies * tools jigs 
* machinery ° fixtures 


* gages * raw stock 
@f work in process 
during indoor 
) shipment or storage 


dying, 
term protection against rust. 


cans; 2 and 5 
-Maker and 30 


and 5 gallon drums with spray gun and CO 

manufacturers 
and metal positive rust 
"Get RoseLick. ‘Order from your loca 


For informotive 20-page Broch.re A, B, C's of 
Rust-Lick’’ write on your letterhead to Dept Dept. 14. 


RUST-LICK, INCORPORATED 


755 Boylston Street - Boston 16, Massachusetts 


STRENGTH and ECONOMY 
_ AUD THROUGH FLAT-DIE 


' Combining the time- 

| proved advantages of 

forged strength, min- 

imum stock allowance 

ond versatility in ma- 

' terials selection, flat 

die forgings mean real 

savings and satisfac- 

mental parts or short 

costs down to Earth? | run production. 
burgh's complete line 

power-driven and hance 


= 4 Typical examples of flat die 


write of CALL COLLECT, Pittsburgh Plate Glass Co., 
Brush Div,,°3221 Frederick Ealfimore 29, hid, 


COMPOSITE-<»> FORGINGS, Inc. 


PITTSBURGH PLATE GLASS COMPANY 2300 W. JEFFERSON, DETROIT 16, MICH. 
Phone TAshmoo 5-3226 a 
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NATIONAL ENGINEERING 
SERVICE on 


Heat and Corrosion 
Resistant Castings 
and Fabrications 


General Alloys Company products 

are backed by a national engineer- 
ing service offering unexcelled me- 
chanical and metallurgical Heat and 
Corrosion Resistant Alloys for all 


Defense and Industrial applications. 


"There is no substitute 
for Experience’’ 


405 WEST FIRST STREET 


BUFFALO, New York 
General Al 
P.O. 
Buffale 23, N.Y. 

Alabama 

G. Mouat Co. 
544 American Life Bidg. 


CHICAGO, IIinols 
General 


CURVEL 15, Ohie 


Ream 


East 
15, 

P.0. Box 
PHILADELPHIA 20, Pa. 

General Al Ce. 

4. way 

P.O. Box 2714 
DETROIT 2. Michigan 

General Al Company 

ns 

3-147 General Motors Bids. 
FORT WAYNE Indiana 

The George 0. Ce. 
HOUSTON 3, Texas 

Wm. E. Grice Co. 

303 Bastrop St. 
PITTSBURGH 15, Pa. 

Vincent C. Leatherby 

a Fourth St. 
ROCKFORD, Illinois 

in F. 

' Jonathan Ave. 
LOS ANGELES, Calif. 

National F 


4003 Hye me 


he 0. Co. 


Street 
88008 


LOUIS 16, M 


MEMPHIS (2, Tenn. 
F. G. 


GENERAL ALLOYS CO. 


“OLDEST AND LARGEST EXCLUSIVE MFRS. OF 
HEAT & CORROSION RESISTANT CASTINGS” 


413 North Charles Street 
Edward m....., 
224 8. Michigan Ave. 
yeor Bids. 
ayward M 
Wan Concord, 
; new YORK 7, New York 
Allred 
$0 Church Stress 
UZALLO 


5 REPUBLIC METAL POWDERS 
GIVE YOU BROAD SPECTRUM COVERAGE 


TENSILE STRENGTH (PS!) Just as a spectrum represents a series of wave 
lengths from low to high, Republic’s wide range 
TYPE 1S eee —_ of iron and alloy powders covers all known 
6460 — Heat treated — Physical property requirements of metal powder 
45 60 0.4x¢ part fabricators today. 
25 EBT [35 Fe This broad band of coverage, denoted by density 
and type, is graphically illustrated by the following 
TYPE Republic powders: Controlled Dimensional Factor 
MS 50 80 5%Cu+1%C Types “G” for growth, “N” for normal or zero 
6.0-6.6 dimension change,“S” for shrinkage—copper com- 
Gm/cc _18 30 Fe patible; Type MS—carbon compatible; and carbon 
compatible, Type HS6460 alloy. 
Mond 50 80 5xCu+ixc Booklet, Apv. 1014 contains complete technical 
io 60-66 40 60 7% Cu information on Types G, N, S, and Type MS. 
q Gm/cc |_15 30 Fe Chemical composition, physical properties, and test 
| evaluations on Type HS6460 are contained in 


Booklet Apv. 1028. Write for your free copies. 
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REPUBLIC HOT ROLLED SPECIAL 
BAR SECTIONS LEVEL OFF COSTS 
for grader blade manufacturer. 
Shunk Manufacturing Company, 
Bucyrus, Ohio, has maintained top- 
quality and its petitive positi 
for over 30 years by using Republic 
High Carbon Hot Rolled Special Bar 
Sections for grader blades. The 
special bar sections are preformed 
to the predominating cross section of 
the blade, thus keeping costs down 
by eliminating most machiring and 
forming operations. Republic Special 
Bar Sections are available hot rolled 
or cold drawn in carbon, alloy, and 
stainless steel. Send coupon for 
full 


REPUBLIC NYLOK® FASTENERS PROVIDE SECURE HOLDING POWER 
where it’s needed most in the Twin Power Riding Mowers produced by 
Roberton Manufacturing Company, Chicago. A special nylon insert assures 
positive locking, maximum holding power—even under severe vibration. 
The insert in nylok fasteners is unaffected by age or cold, has high resis- 
tance to heat. For more facts on Republic Nylok Fasteners, mail the coupon. 


REPUBLIC GALVANNEALED SHEETS SOLVE CORROSION PROBLEM 
in Kathabar® units manufactured by Surface Combustion Corporation. 
Units are designed to lower or raise the relative air humidity through 
evaporation or absorption of moisture. Republic Galvannealed, used for 
coil tube sheets, takes all forming operations. Corrosion and rust problems 
are held to an absolute minimum. Mail coupon for literature. 


STEEL 


Wolds Wideat: Range 
Standard Steels and 
Stack Producla 
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REPUBLIC STEEL CORPORATION 

DEPT. MP -8125-A 

1441 REPUBLIC BUILDING «+ CLEVELAND 1, OHIO 
Please send the following Metal Powder Booklets: 


02 ADV. 1014 on Types G, N, S, and MS. 
0 ADv. 1028 on Type HS6460 


Send more information on: 
0 Special Bar Sections 
Galvannealed Sheets 


Name 
Company 


Addrees 


City 


0 Nylok Fasteners 


Title 


4 
— 
¥ 
. 
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the new Leitz MICR O-ME TALLOGRAPH 


engineered specifically for modern industry 


Availability of a Le Chatelier type LEITZ MICRO-METALLOGRAPH has been eagerly awaited by 
industrial scientific laboratories. With this new instrument, precise details of metallurgical speci- 
mens may be viewed simultaneously on the 30” projection screen as well as through the binoc- 
ular observation tube. The newly-developed, powerful XENON lamp provides ample illumination 
to permit observation in a normally lighted room. Photomicrography of specimens is quickly 
and easily accomplished with pre-aligned 5” x 7” camera or, if desired, a Polaroid-Land 4” x 5” 
camera back. Engineered specifically to meet the needs of the modern, metal working industry 
the new LEITZ MICRO-METALLOGRAPH “sets a new standard for metallurgical observations.” 


e Inverted microscope stand with mechanical stage, coarse and fine focusing 
e@ Xenon lamp with 7 filters in push-button, quick-change mounts 

e Eye pieces with 30% wider field, in binocular tube 

@ New, “Plano,” flat-field objectives from 3.2 to 160x 

@ Projection and viewing screen in cast housing, 30” diameter 

@ Special 5”x 7” camera with adaptor for attaching Polaroid-Land 4”x5” camera back 


E. LEITZ, INC., Dept. MP-10 
468 Fourth Avenue, New York 16, N. Y. 


Please send me additional information on the new MICRO- 
METALLOGRAPH, Model MM. 


Name 


FIRST IN PRECISION OPTICS 


Street 


©. LEITZ, 4686 FOURTH AVENUE, NEW YORK 16. N.Y. 
Oistributors of the woritia famous products of 
Ernst Leitz G Wetziar Germany-—Ernst Leitz Canada ttd 


LEICA CAMERAS - LENSES - MICROSCOPES - BINOCULARS 


| 
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INDUCTION 


a COMPLETE LINE HEATING 


EQUIPMENT 


TO MEET EVERY PRODUCTION NEED 


1F YOU HAVE A PROBLEM 


concerning industrial electric heat- 

ing, ECCO engineers will place 

their years of specialized experience at 

your disposal to help work out a practical, 
economical solution. Standard ECCO equipment 

in many different models is available for production 
and research. Where special custom designing is 
required, ECCO will design or build to the exact 


specifications of your own engineers. Either way, your 


inquiry will receive prompt, competent 
attention. Call or write ECCO today! 


7020 HUDSON BOULEVARD 
NORTH BERGEN, WN. J. 


30 YEARS OF ACCUMULATED DATA AND EXPERIENCE 
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Brownie Stress Distributing Head 
fabricated from Youngstown 

Yoloy High-Strength Steel 
distributes liquid surge shocks and 
vertical load within trailer tanks. 


Excellence 


Youngstown 


Youngstown Yoloy “E” high-strength steel 


This new, rugged Brownie 
trailer tank train can 

haul 11,500 gallons of 
petroleum products in a 
single trip! Its tank shells 
and internal stress distribut- 
ing heads are fabricated 
exclusively from Youngstown 
Yoloy “‘E”’ Steel. This 
high-strength, low-alloy 
steel provides a stronger, 
lighter rig that carries 
larger payloads, requires 
little maintenance. 


Brown Steel Tank Company 
of Minneapolis reports that 
Yoloy “E”’ withstands 
corrosion, resists shock and 
fatigue, and offers excellent 
weldability and formability 
... “naturals” for tank 
builder and user alike. 


Wherever high-strength steel 
becomes a part of things 
you make, the high standards 
of Youngstown quality, 

the personal touch in 
Youngstown service will help 
you create products with an 
“accent on excellence’’. 

The Youngstown Sheet and 
Tube Company, Youngstown, 
Ohio. Carbon, Alloy and 
Yoloy Steel. 


Send for free 
technical bulletin 
on Youngstown 
Yoloy Steel. 
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MATERIALS & FABRICATION PREVIEW 


a 


NATIONAL METAL CONGRESS and EXPOSITION 


Sponsored by the AMERICAN SOCIETY FOR METALS 
Metals Park + Novelty, Ohio 


Cooperating Activities: The Metallurgical Society of AIME; Special Libraries Association— Metals Division; American 
Society for Non-destructive Testing, Inc. Associations pre- Society for Testing Materials—Committee 8-9; and the 
senting technical sessions in cooperation with & : Metal extensive programs of the American Society for Metals 
Powder Industries Federation; Metal Treating Institute; with the William Park Woodside Memorial Sessions, and 
Ultrasonic Manufacturers’ Association; 6 Metallurgical Seminar. 
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International Amphitheatre, Nov. 2-6,1959 
join 50,000 men of metalworking—engineers, top executive: a is 


Bunting. Products 


CAST BRONZE BEARINGS AND BARS YA SINTERED BRONZE BEARINGS AND BARS 
ALCOA ALUMINUM BARS SINTERED METAL PARTS 


STANDARD STOCK 


PLAIN STOCK BEARINGS 
BEARINGS 


553 stock sizes Finished Sintered 
Bronze Plain Bearings made to ASTM 
standard sizes, dimensions and tolerances. 


866 stock sizes Finished Cast 
Bronze Bearings for all ap- 
plications. 


PRECISION 
BRONZE BARS | 
267 stock sizes Tubular and Solid 
Cost Bronze Bars. Fully machined 
13” tong. 


ELECTRIC 
MOTOR BEARINGS 


343 stock sizes Finished Cast Bronze 
Bearings ready for assembly in all 
popular motors. 


FLANGE STOCK BEARINGS 


86 stock sizes Sintered Bronze Flange 
Bearings made to standard dimensions 
and tolerances. 


THRUST BEARINGS 


28 stock sizes Sintered 
Bronze Thrust Bearings made 
to standard dimensions and 
tolerances. 


SINTERED POWDERED 
BRONZE BARS 


62 stock sizes tubular bars and 22 stock 
sizes solid bars. 6%2"’ long. 


SPECIAL BEARINGS 


Cast Bronze Bearings and Parts made 
to customers’ blueprints. Send specifica- 
tions, quantities, material analysis and 
design to Toledo for prices or recom- 
mendations. Engineering services always 
available. 


BABBITT LINED BEARINGS 


Cast Bronze with centrifugally 
cast linings of tin or lead base 
Babbitt. Send inquiry and 
specifications to Toledo. 


GRAPHITED OIL-LESS 
BEARINGS 


Cast Bronze Bearings grooved 
graphited for special applications. 


—Bunting— 


Alcoa Aluminum Bars 


SPECIAL BEARINGS 


Sintered Powdered Bronze Bearings made 
to customers’ blueprints. Send specifications, 
quantities, material analysis and design to 
Toledo for prices or recommendations. En- 
gineering service always available. 


SPECIAL SINTERED PARTS 
OF BRONZE OR IRON 


~) Sintered Powdered Metal Parts of 
bronze or iron made to customers’ blue- 
prints. Send specifications, quantities, 
material analysis and design to Toledo 
for prices or recommendations. Engi- 
neering service always available. 


Bunting Bearing Aluminum, the new 
lightweight low cost bearing metal 
far superior to low priced bronze, is 
available in 138 sizes of tubular and 
solid 13” bars. 


All stock sizes above listed are available from dis- 
tributors everywhere in the United States. Catalogs on 
request. Bunting machine shops in New York City, 


Chicago, Detroit and Atlanta provide quick service for 
alterations, grooving and graphiting. 


The Bunting Brass and Bronze Company 
TOLEDO 1, OHIO e BRANCHES IN PRINCIPAL CITIES 
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Says Mr. Calvin Esslinger of Kaiser Metal Products, Inc. 


Mr. Calvin Esslinger, Section Head of the X-ray Labora- 
tory at Kaiser Metal Products, Inc., Bristol, Pennsylvania, 
reports, “Using wrap-around film and the NORELCO 
Panoramic 360 degree Rod Anode Tube reduced our 
total exposures by 7000 over the period of a year while 
simultaneously increasing film footage by more than 
25%.” He further states that the increased production 
was accomplished with one third the man hours and at 
a saving of some 200 machine hours! 


Part of Mr. Esslinger’s inspection program includes 
radiographic examination of longitudinal and circumfer- 


leo ® 


Serving Science 
and Industry 


ential welds of pressure vessels for guided missiles. The 
unique rod anode tube which has an effective focal spot 
of only 1.55 mm., easily exceeds rigid government speci- 
fications pertaining to required detail sensitivity. 


New inspection techniques designed to reduce cost and 
improve productivity are constantly under investigation 
at our application laboratory. To avail yourself of this 
free service, Write Today! We will be pleased to evaluate 
your inspection problems and recommend the procedure 
best suited to your particular product. 


PHILIPS «nc. 


Instruments Division 750 SOUTH FULTON AVENUE, MOUNT VERNON, W. Y. 
In Canada: Research & Control Instruments + Philips Electronics industries Ltd. + 116 Vanderhoof Ave. + Leaside, Toronte 17, Ont. 
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advantage Stokes 


...and you profit from 


From R&D to system installation and opera- 
tion, Stokes unmatched technical competence 
and unparalleled experience assure you the 
most complete “package of progress’”’ in the 
industry . . . with a pay-off in performance. 


New vacuum methods and techniques—pio- 
neered by Stokes—are finding more and more 
applications in the metallurgical field. These 
advances are leading industry out of old im- 
passes . . . while reducing production costs. 


Stokes equipment in the nuclear field, for 
example, has been used to develop new methods 
for plutonium melting and casting, uranium 
melting on a production basis, and radio- 
active materials handling. In another area, 


VACUUM CASTING FURNACE 


Radioactive materials handling investigations are 
safely carried out with this Stokes prototype 
vacuum furnace. It is remotely operated by manip- 
ulators and other external controls. This installa- 
tion represents another specific requirement met 
through Stokes flexibility. 


Stokes vacuum stream degassing equipment 
has already helped reduce hydrogen embrittle- 
ment in metals . . . is now pointing the way to 
better “‘killing’’ of steel. And still more develop- 
ments are in the offing . . . in melting, refining, 
heat treating, sintering and brazing . . . and in 
Vacuum Metallizing of thin and heavy coatings 
for both functional and decorative applications. 


Stokes experience in the manufacture of com- 
ponents, equipment and systems helps take the 
guesswork out of your operation. For instance, 
Stokes can supply a complete turnkey installa- 
tion—erected, tested and delivered “in opera- 
tion’’. Stokes stocks components for faster 
delivery to eliminate costly holdups. Standard 


Uranium melting on a production basis is accom- 
plished by this Stokes induction melting furnace. 
Designed for safety and convenience, the furnace is 
serviced from the top and features a removable 
bottom section to facilitate handling of poured 
materials. It is typical of Stokes inherent flexibility. 
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““Single Source” Service 


vacuum equipment ranges from small compact 
R&D models to full production units. Stokes is 
geared to meet specific customer requirements 
for many types of special metallurgical equip- 
ment. All Stokes systems are offered complete, 
making Stokes a single source of responsibility 
for performance and reliability, both before and 
after the sale. 


Let Stokes put its unparalleled experience and 
facilities to work for you. Stokes’ Engineering 
Advisory Service will assist you in planning 
and designing an installation that will best 
serve your exact needs. While it’s fresh in your 
mind, why not call Stokes . . . and get all 
the details. 


Heavy coatings with new continuous sources— 
cadmium and aluminum—are now possible. Stokes 
manufactures a complete line of vacuum coaters 

. ranging from small R&D models to this new 
72” production unit. Modifications of basic designs 
are easily made . . . extending applications and sys- 
tem size almost without limit. 


See the Stokes Vacuum Equipment Display— 
Metal Show—Chicago—Nov. 2-6. Booth +542 


Vacuum Metallurgical Division 
F. J. STOKES CORPORATION 
5500 Tabor Road, Philadelphia 20, Pa. 


First acid open hearth, vacuum stream ladle degassed 
—Air pouring of multiple ingots in the United 
States took place at Ohio Steel Foundry in May. 


Stokes provided the equipment. The results showed 
low hydrogen values, good inclusion reduction and 
excellent physical property improvement. 
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All Purpose 
STRIP MILLS Adaptable to... 
METAL POWDER 

ROLLING 


PRECISE, RUGGED, VERSATILE 


Highest quality is engineered into each minute 
detail of every STANAT mill. Long dependable 
performance in over 500 installations 
throughout the world attests to the extremely 
rugged, high precision construction of 
STANAT rolling mill equipment. 

Whatever your present or future requirements, 
you can now have a single STANAT MILL 

for any or all of the following... 

Rolling Metal Powders into strip 

© 2-high hot or cold reducing 

e 4-high finishing 

e Back-up or work-roll driven operation 

© Hot or cold shape rolling 

¢ Tension winding to ultra thin gauges 

© Automatic roll changing (for glove-box operations) 
Write for full details. 


STANAT somes onve westeury, uv. 


MANUFACTURING CO../NC. IN EUROPE: STANAT-MANN, ESSEX, ENGLAND 


MFR'S OF ROLLING MILLS, GANG SLITTERS, WIRE FLATTENING MILLS, ROLLER LEVELERS AND BULL BLOCKS ‘ 
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re fully 


> Salt Baths for all 
Heat Treating Jobs 
from 300° F. to 
2500° F. 


Neutral Hardening 

Liquid Carburizing 

Tempering 

Annealing — Ferrous and Non-Ferrous 
Austempering and Martempering 
Liquid Nitriding 

High Speed Hardening 

PreHeat and Quench Salts 

Copper and Silver Brazing 


Scale-free! Clean! Bright! 


Black Oxide 
Finishes, Equipment 
and Controls 


We are originators of the 
famous PENTRATE process. 


BLACK FINISHES: 
NICKEL PENTRATE® . . . a revolutionary 


development containing nickel for greatly 
improved black finishing of steel. 


PX" for Stainless Steel and Cast Iron 
DURA-BLACK” for Copper and Brass 
PEN-ZINC for Zinc 
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» Chromate Finishes 
DURACOAT™ FOR: Zinc 


Aluminum 


Cadmium 
Copper and Brass 
Clear, Bright, Irridescent Golden, 
Olive Drab 


Finishes for 
Aluminum 


ALUMI ETCH #3 
Alkaline etching compound for producing 
uniform satin finish 

DEOXIDE for desmutting and preparing 
aluminum surfaces for welding 

ALUMA BRITE CONCENTRATE #14 
for bright dipping of aluminum 


ALCHROME #1 and +2 
for the protection of aluminum 


wes: ¥ 
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Model 136-M6D 


Medium size rotary furnace 
for the most economical 
heat treating of parts that 
can be subjected to a 
gentle tumbling (approxi- 
mately % r.p.m.). 


Tumbling insures uniform 
heating and atmosphere 


contact. 


Model 231 

Medium size Shaker Hearth 
Furnace for the widest ran 
of work, even light and deli- 
cate stampings. 


Momentum imparted to each 
work piece conveys it individu- 
ally through 

the heat with 

no distortion or 

warpage. 
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RECIPROCATING HEARTH 


for all small parts heat treating 


Capacities to 800 Ibs. per hour. Processing pieces from .010” to 1” thickness and up 
to 10” in length. Automatic continuous feeding reduces direct labor costs drastically! 
Clean hardening, ammonia-gas case hardening, light case carburizing of steel parts, 
etc., are accomplished equally well WITHOUT ANY MODIFICATION OF THE FURNACE. 
The muffles and retorts are, in reality, radiant tubes WITHIN which the work and atmos- 
phere gas is contained. Zoned combustion systems uniformly heat these muffle tubes 
from the outside to the desired temperature in each work zone. Control is precise, re- 
sults uniform. 


MODEL 136-M6D AND 231 ON DISPLAY AT THE METAL SHOW BOOTH NO. 728 


New catalog of entire AGF line of equipment and acces- 
sories now available... Write for your copy today. 


AMERICAN GAS FURNACE CO. 
(1002 LAFAYETTE STREET — ELIZABETH 
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ALCAN extrusion ingot gives you 


these 4 dollar-saving advantages! 


1. Better finish! 2. Greater extrudability! 3. Higher re- 
covery! 4. Longer die-life! . . . four important reasons 
why ALCAN extrusion ingot may be far more economical 
than the billet you're now using! 

How much will this better quality billet save? For an 
exact answer test-run ALcaN billet on your own equip- 
ment. Carefully measure its performance and true cost. 
See how much easier and faster it extrudes. How it re- 
duces scrap and lengthens die-life. How it actually makes 
a difference in the quality of your finish. 

From mining to casting—countless checks on quality 
make Aucan the finest of all billet products. It is made 
entirely of clean, primary metal . . . unexcelled in internal 
structure and surface smoothness . . . and cast to the in- 
dustry’s closest tolerances. 


Telephone our nearest office today about testing ALCAN 
billet on your own equipment! We welcome the oppor- 
tunity to show you the difference it can make in your 
extruding costs and productivity. 


Aluminium 
Limited 
Ingot Specialist...serving 
American Aluminum Fabricators — 


In the U.S.—Aluminium Limited Sales, Inc., 630 Fifth Avenue, N.Y. 20, N.Y. 
CLEVELAND + CHICAGO + LOS ANGELES + DETROIT + ATLANTA « ST. LOUIS 
Additional distribution (Alcan Foundry Alloys): 

Apex Smelting Company, Chicago, Cleveland, Los Angeles 
Charles Batchelder Co., Inc., Botsford, Conn. 


‘ 
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The growing demand for steels of increasingly higher 
quality has created a new kind of thinking. With conven- 
tional methods of obtaining both high quality and quan- 
tity being relatively slow, costly and often uncertain, 
more and more mills are turning to the modern Heroult 
Electric Furnace as the most reliable and economical 
means of making high-grade steel in large heats. 

To keep abreast of this trend, Sharon Steel Corpora- 
tion recently built a complete new Melt Shop at its 
Roemer Works in Farrel, Pennsylvania, and installed the 
large Heroult Electric Furnace shown above. 

This 20’ diameter furnace turns out 90-ton heats of top- 
quality stainless in less than 8 hours. Space has been pro- 
vided for a second Heroult when it is needed. 

Moreover, electric furnaces are proving to be more ef- 
ficient and economical in producing most any grade of 
steel in large or small heats. This is because electric fur- 
nace operations require a smaller investment, usually re- 
duce both power and charging costs and produce a more 
uniform product. 

American Bridge, exclusive manufacturers of the 


Making High Quality Steel—At Low Cost 


Heroult Electric Furnace, offers a complete electric fur- 
nace service. We have the facilities to handle the com- 
plete job—from foundation to furnace, from engineering 
to erecting. We are also prepared to modernize your old 
Heroult by installing improved new mechanisms that 
will increase the efficiency and productivity of your unit. 
And, if you own a Heroult, we can supply any needed re- 
placement parts. 

For more information, get in touch with the office 
nearest you. USS and Heroult are registered trademarks 


American Bridge 
Division of 
United States Steel 


General Offices: 525 William Penn Place, Pittsburgh, Pa. 
Contracting Offices in: Ambridge + Atlanta - Baltimore - Birmingham + Boston - Chicago 
Cincinnati + Cleveland + Dallas - Denver + Detroit + Elmira + Gary + Harrisburg Pa. 


Houston + Los Angeles + Memphis + Minneapolis + New York + Orange, Texas 


Philadelphia + Pittsburgh + Portland, Ore. - Roanoke + St. Louis « San Francisco « Trenton 
United States Steel Export Company, New York 


Me 


NITROGEN GENERATOR — Comprised of a Model 
A Cryogenerator acting as a nitrogen condenser and 
an atmospheric pressure separation column. Rate of 
production is 6 liters per hour over an uninterrupted 
period up to 200 hours. 


AIR LIQUEFIER — This unit liquefies air at atmos- 
pheric pressure — thereby insuring a contaminant-free 
product. Rate of production is 7/2 liters per hour. 


ENVIRONMENTAL CHAMBER — A specially insu- 
lated storage chest is used in conjunction with a Model 


A Cryogenerator. This permits the production and 


maintenance of temperatures down to minus 320 de- 
grees F, for environmental testing. 
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GAS PURIFICATION 
GAS SEPARATION 
AIR SEPARATION 


CONVERSION OF GASEOUS 0; and 
Nz TO LIQUID PRODUCT 


METAL TREATMENT 
COLD CHAMBERS 
LIQUID AIR PRODUCTION 
LIQUID NITROGEN PRODUCTION 
PRESERVATION OF BIOLOGICALS 
COLD MACHINING 
LOW TEMPERATURE PULVERIZATION 
SHRINK FITTING 


CRYOGENI 


All of the applications listed — and more — stem from the one 
unit — THE NORELCO CRYOGENERATOR. Available in four 
different capacities, this remarkable unit consists of a single-stage 
refrigeration machine designed for operation in the range of 

minus 320 degrees F. to ambient temperatures. As a basic cryogenic 
tool, the cryogenerator is completely adaptable to a 

tremendous number of applications and is in fact being widely used 
by a host of manufacturers and laboratories throughout the country. 


Since the operating principle is identical for all models, 

specific applications of each depend primarily on the capacity of 
the system rather than the form of equipment. The four models, 
designated A, B, C and D, have respective refrigeration 
capacities of 3,000, 12,000, 40,000 and 160,000 BTU/hr. at 
minus 320 degrees Fahrenheit. 


“Packaged” units consisting of a Model A Cryogenerator with 
special headers or accessory equipment are also available. 


Research facilities at the Norelco Cryogenics Application Laboratory 
are available for consultation on industrial problems involving any low 


Norelco ® temperature application. Write today for illustrated brochures and 
ames complete technical information. 
and Industry 


NORTH AMERICAN PHILIPS COMPANY, Inc. 


Cryogenics Division 100 STEVENS AVENUE, MOUNT VERNON, N. Y. 
OCTOBER 1959 


% If you can’t make the show, 
write us at 925 Main Avenue, 


Norwalk, Conn., for full information. 


INSTRUMENT DIVISION 


Perkin-Elmer Gyno 


NORWALK, CONNECTICUT 
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““Un-weldable” is a word to be used with caution. 
Dissimilar materials, such as aluminum and steel, 
can now be fusion welded by electron bombardment. 
Pieces of widely varying thickness can be joined in 
a single pass. Foil is easy. And weldments, even of 
reactive and refractory metals, look and perform 
almost like a solid piece. 


These and other triumphs are possible with electron 
beam welders because: 


In most equipment the electron beam is generated 
by applying a high voltage between the work and 
the electron source, with the geometry of the latter 
focusing the beam. Disadvantages include: 

1. Gas bursts and metallic vapors cause frequent 
high voltage discharges. At best, these result 
in annoying interruptions, discontinuous 
welds, and short source life, and at worst, ex- 
tensive damage to the equipment. Attempts to 

reduce discharges by using large vacuum 


NRC has developed, proved, and applied for a patent 
onan electron beam welder which is as simple to oper- 
ate as a television set. It assures complete freedom 
from high voltage discharges and makes precision 
welding easy. Work geometry no longer is a problem; 
even corrugated pieces can be welded successfully. 
Secret of the NRC Welder’s success is its gun de- 


ELECTRON BEAM WELDER Linear or circu.cr welds can be 
mode at speeds of 0 — 0.5 inch per second with the 
stondord Model 2405 Electron Beam Welder. Offered 
with o choice of 1, 3, or 6 KW power supply, it is easily 
adapted for end or girth welding. 
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What Are the Advantages 
of Electron Beam Welding? 


What Have Been the Disadvantages? 


How Has NRC Cured These? 


ELECTRON BEAM FURNACE Reoctive 

or refractory metals can be melted in a 
standard Model 2460 Electron Beam 
Furnace to produce ultra high purity 

ingots up to 3” in diameter and 14” in 
length. Operation is eosy and free from 
interruption. Special shielding prevents high 
voltage discharges. 


1. Operation under high vacuum prevents con- 
tamination, eliminates costs and uncertainties 
of inert gas. 

2. There is no electrode to contaminate the work. 

3. Surface oxides are cleaned up. 

4. Wide variations in total power and in power 
concentration are easily made. 


5. Spot size can be varied from 10 mils to more 
than 6 inches. 


6. Depth to width ratios of 2/1 are possible. 


pumping systems and automatic protective 


devices add greatly to equipment cost and 
complexity. 


2. Short focal lengths of 12 to 1 inch pose prob- 


lems in welding anything but flat pieces and 
simple cylinders. 


3. Because the work piece is the anode, the 
electric field often changes as the weld pro- 
gresses. This affects the beam and makes 

precision welding difficult. 


sign. Special shielding protects the gun against gas 
bursts and metallic vapors and prevents high volt- 
age discharges. Electro-magnetic focusing makes it 
easy to change the focal length from 1 to 10 inches 
and spot size from 10 mils up. Since the area below 
the gun is field-free, the electron path is unaffected 
by the shape of the work. 


CORPORATION 


A Subsidiary of National Research Corp. — Dept. IJ 
160 Charlemont St., Newton 61, Massachusetts 
SALES OFFICES: Boston + Chicago + Cleveland «+ Detroit 
Houston « Los Angeles « New York « Pale Alto « Pittsburgh 


See the NRC Electron 
Beam Welder at Booth 1227 
Chicago Metals Show 
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IMPROVE YOUR PRODUCT...LOWER YOUR COSTS 
... with Selas Automatic Heat Processing 


Selas automatic machines are extensively used for 
production heat processing operations, including anneal- 
ing, heat treating, brazing and soldering, forging and 
localized hardening. 

The installations shown on these pages demonstrate 
how Selas automatic heat processing equipment can: 

increase production speed 
save fuel and operating costs 
minimize in-process inventory 
reduce manpower requirements 
save valuable floor space 
e improve product quality 
Individually designed and custom-built to meet your 


BRAZING: A leading monufacturer of bicycles gets improved 
product quality at lower cost by using this specially-built Selos 
automatic machine to braze forks to handle-bar stems. Assem- 
blies, held in fixtures on 5 in. centers, are conveyed through 
Duradiant®-fired heating zone in a continuous operation. Foliow- 
ing heating to 1650°F (the melting point of the brazing alloy), 
brazed assemblies are air-cooled to solidify the alloy, then 
water-quenched and cooled at discharge end of the compact (6 
x 9% ft) straight-through machine. Production rate is 300 per 
hr and fixtures may be adjusted quickly to accommodate various 
fork and handle-bar stem sizes. 


specific production requirements and job specifications, 
Selas automatic machines employ time-proven stand- 
ardized engineering features for longtime operating 
dependability and minimum initial cost. In addition, 
you avoid problems usually associated with divided 
responsibility since Selas starts-up and services every 
machine it designs and builds. 

A Selas automatic machine can prove beneficial in 
your plant. At your convenience . . without cost or 
obligation to you . . a Selas field engineer would wel- 
come the opportunity to survey your needs. 

For this personal service—or for literature on any of 
the heating operations shown on these pages—address 
Dept. 16, Selas Corporation of America, Dresher, Pa. 


Duradiant and Gradiation are registered trade names of Selas Corporation of America. 


SUBSIDIARIES: Selas Constructors, inc., Houston, Texas; Selas Corporation of America, el S. A., Pregny, Geneva, hank 


INTERNATIONAL REPRESENTATIVES AND LICENSEES: BENELUX, FRANCE—Cie Gi 
REA, LAOS, VIETNAM—Cosa Export Co., Inc.; AUSTRIA, ' 
Tokyo; ITALY —Ialiana Gasogeni E. 


FORMOSA, 


de Construction de Fours, Paris; CAM 


Forni S.r.l., Milano. 
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HEATING FOR FORGING: In order to create a more reodily 
saleable product, characterized by fine grain size and better 
physical properties, a forging shop heots bross slugs with this 
Selas automatic Gradiation® equipment. Siugs vary in size from 
%q to 2 in. diam, 22 to 8 in. in length. Maximum weight per 
slug is 4 Ib and machine heats at rate of approximately 2,000 
ib per hr to uniform temperature of 1390°F. Piece production 
rate for smallest slugs is 800 per hr. Precise positioning on work 
fixture, typical Selas fast heating and split-second removal of 
heated slugs from chomber contribute to production of higher- 
quality forgings. 


HEAT TREATING: Designed and built by Selos, this automatic 
heat processing machine eliminates costly, hazardous lead baths 
conventionally used to harden stainless steel knife blades. Com- 
pact machine (9 x 3'/, ft floor space) requires only one operator 
for entire process. Hand-loaded, biades are quickly browght to 
1950°F without scale formation. ore uniformly hardened to 
Re 42/44 while handle retains ful! softness to permit design 
embossing. Angle-mounting permits operator to work at shore 
floor level; collecting-baskets conform to 4 ff level of existing 
materials handiing system. in addition to saving plont space, 
reducing manpower requirements and improving safety condi- 
tions, Selas machine eliminates two operations: (1) an oil 
quench and (2) removal of scole and excess lead. 


ANNEALING: Unique Selas gas-fired machine anneals brass 
door knob bionks—outomatically in the production line—os part 
of a completely integrated manufacturing process. Selos Super- 
heat burners fire a narrow jet of high velocity, high temperature 
gases at o 1% in. band on sidewall of blank. Annealing, cooling 
and discharge, accomplished in 9 sec, are geared to production 
line ovtput of 60 finished knobs each minute. Fast Selas heating 

idizing combustion gases achieves a cleaner, brighter 
end-product . . eliminates need for muffles or prepared atmos- 
phere. 


no 


SELECTIVE HARDENING: The end portions of broke shoe webs 
must be hardened to create a more durable product. Selas avto- 
matic machine employs on indexing conveyor which brings just 
the two ends of webs under Durodiant burners. Designed for 
automatic loading, the rotary machine heats, quenches, tempers 
and mechanically unioads the selectively-hordened workpieces. : 
Service life of webs has been moterially extended, costs hove 
been reduced by precise heating of selected areas. Burners may be 
dijusted to date a voriety «<* brake shoe web sizes. 


CORPORATION OF AMERICA 
CORPORATION OF AMERICA DEVELOPMENT + DESIGN + CONSTRUCTION 
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WHO FORGES THE TOUGH ONES? 
and dynamic balances them, too? 


To further National Forge's reputation for producing 
precise forgings, we've installed one of the largest, most 
accurate dynamic balancing machines in use. Our Ameri- 
can-Trebel has a 33,000-pound, 60-foot capacity. 


Pictured on the machine is a 42 ft. propeller shaft that 
has been forged, machined, and hollow bored—all oper- 
ations done in our National Forge plant. NF specialists 


NATIONAL 


are shown balancing this gigantic 15,500 lb. shaft. 


If you want one responsible source to produce and con- 
trol the quality of your forgings...from melting and forg- 
ing the steel through machining and dynamic balancing... 
call National Forge. Let us quote on your next job— 
and prove ‘‘who forges and dynamic balances the tough 
ones .. . best!"’. 


FORGE COMPANY 


IRVINE, WARREN COUNTY, PA. 


WF - 59-04 


For information on the “tough” ones and the machinery that makes them best, write for Bulletin NF 1. 
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Compact design of Arcweld M-3 Creep Rupture 
Testers is emphasized here at nationally 
known research institute. Two rows, including 
eight Model L's (in rear), use only 338 square 
feet of floor space. Completely open fronts 
afford easy operation and loading, allowing 
machines to be set back-to-back. 


UNDER U.S. STEEL FELLOWSHIP 


Arcweld Creep Rupture Testers 
Give Better Temperature Control 


Ferrous alloys for new steel to be used in high Yo og orm 
applications get their pedigree checked by one of the latest 
developments in the creep rupture tester field. 

Specially designed to meet the needs of many creep labo- 
ratories which test smaller size specimens or use lighter loads, 
Model M-3 Creep Rupture Testers from Arcweld Manufac- 
turing Co. are at work in a nationally known research insti- 
tute under a U.S. Steel Corp. fellowship. 

With the help of 30 M-3 and eight Model L Creep Rupture 
Testers, U.S. Steel plans to develop steels that will have the 
strength to withstand the stress, strain and elevated tem- 
peratures of powerful turbine engines, jet aircraft and missiles. 

Richard R. Brady, who is in charge of U.S. Steel's giant 
Applied Research Laboratory at Monroeville, Pa., played 
an important part in the choice of Arcweld machines. Ac- 
cording to Mr. Brady, Arcweld M-3’s were chosen primarily 
for their design and trouble-free performance. 

“These machines are very compact units,” he explained. 
“Each one uses only four square feet of floor space, a very 
important point in conserving valuable working area.” 


REMEMBER ARCWELD TESTING MACHINES ARE THE LOGICAL CHOICE 


=> ARCWELD MANUFACTURING COMPANY 
P.O. Box 311, Grove City, Pa. * Phone 1470 


See Arcweld's Booth 735 at November Metals Show in Chicago 


Two rows of Arcweld machines, set back-to-back, use 
only 338 square feet of floor space. It is estimated that an 
equal number of competitive models would use twice as 
much space. Arcweld M-3 machines have completely open 
fronts which afford quick, easy loading up to 6,000 pounds. 
Their exclusive counterbalanced lever systems have a 16 to 
1 ratio. The counterbalanced F-6 power positioning furnace 
produces up to 2,200 degrees Fahrenheit. 

“One of the first Arcweld machines I used several years 
ago was the original Model M Creep Rupture Tester,” said 
Mr. Brady. “I was very satisfied with its ability to perform 
tests. But now the new Model M-3 gives even better tem- 
perature control with precise accuracy. 

“In addition to the trouble-free operation of the machines, 
Arcweld provides excellent service,” he continued. “You get 
the service you want when you need it.” 

If you have an application for performance-proved, high 
temperature materials testing equipment, contact Arcweld 
soon. Complete engineering services are available to help 
solve your testing problems. 
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Fast, efficient high temperature 
heating...HARROP Electric Furnaces: 


When you're judging the value of an Electric Furnace, think in 
terms of (1) its flexibility in use, its controls, (2) its accuracy in 
firing, (3) its sturdy, long-lasting construction. When you compare 
Non-Metallic Resistor furnaces you'll find the Harrop NMR Series: 

Flexible. Whatever type of control you require is availabie. Man- 
ual operation, automatic temperature control, repetitive heating to 
any preselected temperature (with or without adjustable holding 
time), complete program control. All voltages adjustable from 55 to 
230 volts in 36 steps. Specially planned equipment and instrumenta- 
tion can be designed for your individual need. 

Accurate in Firing. Any temperature you require is held within 
negligible limits of variation, up to 2800° F. continuous operation 
and F. intermittent operation. 

Sturdy Construction. Full-yoke doors cannot sag or bend out of 
alignment. 3000° F. internal refractories stand up under hard usage. 
Housing of heavy steel construction with no projecting switches or 
other equipment. Heating elements lightly loaded for even heat dis- 
tribution and long life. 

Any NMR Series Harrop Furnace meets most rigid requirements 
according to the above specifications. Setting spaces range from 7” 
by 9” by 819” to 36” by 40” by 36”. Special designs can be developed 
_ to meet your need .. . for non-obligating recommendations, send 


SEE THE “CHAMP” AT OUR BOOTH NO. 1335 
Sa NATIONAL METAL EXPOSITION 


“ry f 
JOHANSSONS 


@ KNOCK-OUTS . . . knocks out more work than any three 
ordinary drills. 


@ PACKS A 1, 2, 3 PUNCH .. . slides, el and rotat 


@ TAKES ALL COMERS . . . has table for small work and 
platform for large work. 

@ CHAMPION .. . a real champion that has never been 
stopped . . . finishes off toughest job quickly and easily. 


Write today for catalog #359 that will show you how the 
JOHANSSON RADIAL DRILL will become the “champ” in your 
tool room or plant. 


information on materials, temperature range, heat control and firing 
objectives to Dr. Robert A. Schoenlaub, Technical Advisor. HARROP 
ELECTRIC FURNACE DIVISION of Harrop Ceramic Service Co., 
Dept. 3470 East Fifth Ave., Columbus 19, Ohio. 


Aid for 
Technological Pioneers 


in the fields of Missiles and Aircraft 
Electronics, Nuclear Energy 


MAGNESIUM-THORIUM This lightweight material has 
creep resistance and good yield strength at elevated tempera- 
tures. B&P produces rolled HK-31 sheet and specializes in 
HK-31 assemblies for missile and electronic applications. 


ELECTROPLATING OF MAGNESIUM ideally suited to 
a wide range of electronic applications, electroplated Magnesium 
is easily soldered. B&P plates Magnesium with copper, tin, 
nickel, chromium, silver and gold to your requirements. 


BORAL The first commercial source of Boral, B&P is equipped 
to supply assemblies as well as Boral plate in any concentration 
of boron carbide required for nuclear reactor use and other 
applications. 


TITANIUM Using its techniques developed for Magnesium, 
B&P produces unusually deep draws in Titanium with a single 
stroke of the press. B&P also stretch forms, press-brake forms 
and welds Titanium fabrications. 

FREE DATA BOOK on Magnesium and Titanium. Comprehen- 
sive, illustrated, physical properties, design data, etc. Write on 
your letterhead to: 


BROOKS & PERKINS, INC. 


1958 WEST FORT ST., DETROIT 16, MICH. 
TASHMOO 5-5900 


1. O. JOHANSSON CO. FuoHANSSON 
7244 ST. LOUIS AVE., SKOKIE, FMACHINE TOOLS 
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23” Diam. Copper Crucible for Vacuum-Melting of Steel, 
completely fabricated and machined, ready for installation. 


Copper Mold for Melting Titanium. Welding Copper Ribs on Heads for Copper Crucibles. 


VACUUM MELTING CRUCIBLES BY f WEL pco | 


FOR TITANIUM AND ALLOY STEELS 


We have had extensive experience in making Copper Molds, 
Jackets, and Furnaces for Vacuum-Melting of Alloys. 
Progressive producers are boosting their quality sharply by using the 
Vacuum-Melting Process. Why not investigate the possibilities? 


YOUNGSTOWN & ENGINEERING COMPANY 


3805 OAKWOOD AVENUE . “A YOUNGSTOWN 9, OHIO 
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Copper Mold with Rib 
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‘Tare Bei FOR TERNAL INSPECTION | 
economical | 
i provide aah “.inspéctors the change to us¢ the out} 


standing National Borescope an 
thus the/brightest/ distortion: 


~u™free; close-up view of the defect in ‘ 
. immediate accessible” interior surfacés of the st, j 
i delj ~ drawn, welded or molded product/. . } 
Ivery deep to shany feet. / 
J / 


Find out how it dse can be a hen and 
Let us help you . . . from design ~ cost saver while it up- -grades/your ( Qual- 
to completed machine “RY "Control. Just send for our 
| scope Catalog." 
NATIONAL ELECTRIC INSTRUMENT DIVISION 


17644 Mt. Elliott, Detroit 12, Michigan ee ed 
Phone TWinbrook 1-2936 


NATIONAL EXPOSITION 


INTERNATIONAL AMPHITHEATRE © CHICAGO 
NOVEMBER 2-6, 1959 


PLAN TO VISIT THE SHUSTER EXHIBIT AT BOOTH .. 


1712 
The BEST | is § TANDARD 


A “PRODUCTION BOOSTER’ 


CAPACITY 5/32” to 3/8” DIA. 


The SHUSTER 2ABV Wire Straightening and Cutting Machine as illustrated, includes many new features 
as Standard Equipment. These features are your key to fast, accurate, and economical production. 


Infinite variable speeds 50 to 200 F.P.M., electrically controlled tripping mechanism, electric brake on 
clutch shaft, positive release target, improved guide bar, Timken and ball bearing equipped. 


In addition to the features listed above, the 2ABV has a 5 roll gear driven preliminary straightening unit. 
This device removes the natural curve of the wire before it enters the rotary flier. 


METTLER MACHINE TOOL, INC., 155 West Adeline Street, New Haven, Conn. 
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VOU GET KILLED! 


To a generation of our fighting forces, this 
slogan meant a way to stay alive. Doesn't it 
have a less dramatic parallel in industry today? 


We have to know or lose out to competitors 
who do. Are we building acceptable quality? 
...Are rejects needlessly high?... Are we 
losing profitable production as a result or 
falling behind on delivery schedules?... 
How many customers may we lose this way? 
... And who gets blamed? 


If any of these are your personal or com- 
pany worries, we believe we can help you 
find an answer through the right nonde- 
structive testing system. “Right” because 
there’s a Magnaflux System pinpointed to 
your needs...whether to meet tightest 


As your “House of Answers” 
Magnaflux offers you: 


MA 


aly. 


specifications, job lot testing, or highest 
speed production testing. 


From Magnafiux you'll find a recognized re- 
liable supplier, with the greatest number of 
specialized test systems, and the widest 
selection of equipment and models in each 
to meet your specific needs. Standard or 
tailor-made, there’s test equipment to do 
your work precisely and economically. 


Your wisdom in selecting a Magnaflux Sys- 
tem is supported by leading engineers, pro- 
duction managers and testing laboratories; 
— more Magnaflux Systems are used for 
more test operations than all others com- 
bined. The tests apply to any solid material, 
metal or non-metal—even for hardness, con- 
ductivity, or alloy composition. 


Incidentally — and to any extent you may 
want it — our service includes a recognized 
standard of complete and impartial on-the- 
spot counsel, training courses, research de- 
velopments to meet individual problems and 
prompt contact with some of the world’s 
finest testing engineers. We say this — 
out, because nondestructive testing now 

been our full time occupation for 30 years. 


Why not talk to a Magnaflux Engineer now. 
Even if you don’t have pressing problems at 
the moment, it’s a good way to be sure 
you'll stay out of trouble. 


GNAFLUX CORPORATION 
7322 West Lawrence Avenue, Chicago 31, Illinois 


New York 36 © Pittsburgh 36 e Cleveland 15 
Detroit 11 7 Dallas 35 e Los Angeles 22 


MAGNAFLUX-MAGNAGLO to test ZYGLO for nonmagnetic and 
magnetic materials for cracks, etc. other materials (Shown: 
Complete Portable Kit, 


$125.00) 


STRESSCOAT to find and 
measure stress on parts. 
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MAGNATEST electronic 
testing for hardness, 
conductivity, alloy, 
proximity, and many 
more. 


And still other methods 
and techniques, some 
completely new. 


i 
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CARBON witha 
DIETERT-DETROIT 


carbon delerminator 


Why bother with tedious, time consuming lab- 
oratory routines when a Dietert-Detroit Carbon 
Determinator provides a completely accurate 
analysis of miles content in just two minutes. 
Easy, too . . .no involved computations! Samples 
may be borings, mill chips, crushed samples, 
pellets, etc. 


DIETERT-DETRO!IT CARBON 


DETERMINATOR NO. 3003 


Sulfur Determinators also available for perform- ~~ 
ing fast, accurate tests on wide range of materials. 


Excellent performance record with: 


IRON / STEEL / PETROLEUM CATALYSTS 
STAINLESS ALLOYS / ORGANIC CHEMICALS 
FOUNDRY SANDS 


Send for free catalog! 


IMustrates and describes both Carbon and Sulfur Determina- 
tors and accessory equipment. 


HARRY W. DIETERT CO. cQtiemenr 


9330 ROSELAWN DETROIT 4, MICH. 
Send me your latest Carbon-Sulfur Determinator Catalog. 
NAME 
COMPANY 
ADDRESS__ 


PATTERSON WIRE STRAIGHTENING 
AND CUTTING MACHINES 


MODEL 2A 1/16” TO 4" DIA. CAPACITY 


THE MODERN STRAIGHTENER 
Variable Speeds & Feeds 
Electrical Trip Mechanism 

Roll Type Clutch—Quick Action 


200 Cuts Per Minute on Short Lengths. 
Many Other Models for Wire Up to 4” Dia. 


THE GEO. C. PATTERSON MACHINE CO. 


3409 Trumbull St., Cleveland 15, Ohio 


BOOTH #1549 


YOUR ALUMINUM SURFACES FOR: 
@Wear Resistance @Corrosion Resistance 
@ Dielectric Strength @Thermal Conductivity 
@ Beauty @ Salvage Work 


LICENSES for the remarkable 
SANFORD PROCESS are available 
THROUGHOUT the United States. 


Present licensees include such outstanding metal 
finishers as: INDUSTRIAL PLATERS, MAGNAPLATE, 
SOUTHWEST PLATERS, and LINCOLN PLATING. 


Sanford Process Cs. 


6920 S. Central Ave., L. A. 1, Calif. 
Phone LUdliow 3-4856 


INGOT 
MOULDS 


AN D 


STOOLS 


Valley Mould and Iron 
Corporation 
Hubbard, Ohio 


Works: 
Chicago, Ill. 
Cleveland, Ohio 
Hubbard, Ohio 


METAL PROGRESS 


TEST FOR 
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Learn More About Metals 
By Home Study 


& 
SOME COMMENTS FROM MEI STUDENTS: 
Vastly superior to other courses I have taken.” ae et 
thi "The quality of your course was excellent — I thought ¥ 
in this I knew quite a bit about Heat Treating — you 
for taught me how little I actually knew.” LG.H. 
Metals Engineering Institute 
Metals Park 1 am particularly interested in 
Novelty, Ohio Dept. M109 
| am interested in metallurgy and would like to C) Elements of Metallurgy [_] Electroplating 
have details about your courses. (C) Stee! Plant Processes (0 Magnesium 
Blast Furnace Operations Copper, Brass and Bronze 
Name Metals for Nuclear Power Titonium 
Heat Treatment of Steel Lead and Zinc 
(0 Ferrous Metallurgy (1) Stee! Foundry Practice 
City and State (LJ High Temperature Metals ["] Lead and Zinc 
Stainless Steels Oxy-Acetylene Process 
Tool Steels Are Welding 
Job Title 
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ANGLE RR 
ALUMINA WARE 


ANNOUNCES 
TRIANGLE 


POROUS, PURE ALUMINA TUBES 


for temperatures up to 1900° C. (3450° F.) A 99°% 
Al.03 A\ developed for use in hydrogen and cracked 
ammonia reducing atmospheres A good electrical 
resistance at high temperatures A\ porosity approxi- 
mately 25% ZN recommended for use with platinum, 
molybdenum or tungsten wound heating elements Z\ 
smooth, fine-grained alumina ZA in sizes ranging up 


to 6” I.D. x 48’—available open both ends 


Write for technical data, or call STillwell 4-3222 


Mo Gantt 


3300 48th Avenue —Long Island City 1, New York 
In Canada: Morganite Canada Ltd., Toronto 


Manufacturers of fine carbon graphite products including carbon 
specialties, motor and generator brushes, current collectors, etc. 
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The new CRATEX 


TOOL & DIE MAKERS KIT 


The world’s finest rubberized abrasives 
for deburring, smoothing and ag——d 
le 


tools, dies, patterns, molds, mod 
ments and component parts. 

Kit contains 80 wheels and points in the most 
aye sizes and shapes, equally assorted in 
our grit textures, coarse (C), medium (M), 
fine (F), extra fine (XF)... plus four mandrels 


for %” chuck... pac in plastic box, com- 
partmented for $7.50 complete. 
Order your new Cratex Tool & Die Makers Kit 
#777 through your distributor—or, send 


order to us for delivery by the Cratex istrib- 
utor nearest you. 


C RATE Free 8-page catalog available on request. 


MANUFACTURING CO., INC. 


» instru- 


1600 ROLLINS ROAD, BURLINGAME, CALIFORNIA 


Trust your 
Special Metals 
to this eee 


pioneer converter 


Corporations use Johnston & Funk as an extension 
of their own development facilities — as a fast, 
highly reliable converter of reactive metals, super 
alloys, special steel and non-ferrous alloys. 
Under close, constant supervision by trained metal- 
lurgists, J&F will ak down your ingots into 
billets, wire, small diameter bars, rod, narrow strip, 
foil, special shapes. Services also include straighten- 
ing, winding, grinding, cutting, vacuum annealing 
and pickling. 
As a pioneer converter and producer of commercial 
and research grades, J&F offers you fast, flexible 
service, a degree of quality unobtainable from con- 
ventional sources. Write for facilities brochure 
and prices, or arrange to meet one of our 
metallurgists. 


Johnston & Funk 


METALLURGICAL CORPORATION 
WEST KEMROW AVENUE, WOOSTER, OHIO 
A subsidiary of Mallory-Sharon Metals Corporation 


METAL PROGRESS 


| 
99.7% PURE, IMPERVIOUS 
|| 


DEPENDABLE 


STAINLESS STEEL CONSTRUCTION 2000°F. 


automatic setting and control of 
all temperatures within range. Lab-Heat 
Unattected by ambient or 


voltage changes, these MUFFLE 


incomparable models speed up 


| FURNACE 


precipitates, heat treatment of with 

gloss, ferrous/ non-ferrous metals. AUTOMATIC 
* Modella Elements—4 Sides Electronic 
* Quality Refractories Indicator 
* Complete—Ready to Use Controller 


Model E-514 Furnace, 5'/," 10" « (1. x 15° (0.D.) 


2000 Watts, 115V./60cy, A.C. $439.06 
Mode! E-S14A Same for 230V./1 Ph./60cy. A.C.......... 439.00 
Model E-S55 Furnace 5//," x 15" x D. x x is" D.) 

3450 Watts, 230V./1 Ph. /60c 95.00 


BULLETIN CP-123 AVAILABLE UPON REQUEST 


BLUE M wor 


MANUFACTURERS AND DESIGNERS 
COMPLETE TEMPERATURE CONTROL EQUIPMENT 


For over fifty years COLUMBIA 
has built its reputation on tool steel 
that is good for you 


Product 
of Skilled 
American 
Workmen 
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1934-1959 


Since 1934 when the Indium Corpor- 
ation was formed ond produced 

the first al of 
Indium, we have quined in knowledge 
and in service to all the varied users 


UNIQUE | 
STABILIZATION 


Why not write us today . . . our years 
of research and experimentation, 
our pioneer developments, our 
experience in producing Indium to 
the exact specifications of our 
customers, our many technical helps 
are at your service. 


Commercial quantities are avail- 
able in Indium metal (specially 
refined 99.999% pure or 99.97% 
pure), Indium wire, foil, ribbon, 
pellets, spheres or powders. 
Also “Indalloy” intermediate 
solders and other high purity 
metals. 


58 


Write to Dept. 1-10 for indium book- 
let: “INDALLOY” Intermediate Solders.” 


INDIUM 


CORPORATION 
OF 
AMERICA 


1676 Lincoln Avenue © Utica, New York 


Since 1934 . . . Pioneers in the Develop- 
ment and Applications of indium for 
Industry. 
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OF 
ALLOYS READILY 
QUALITY 
eeseancn 
means “forward 
looking’ with respect 


Aircraft engine oil strainer, 
one of many aircraft, automo- 
tive, marine and stationary 

gine parts cl d and de- 
carbonized by the new Narda 
Ultrasonic Vapor Degreaser — 
in less time and with less 
chemicals. 


NARDA Two-Stage, Low-Cost 
ULTRASONIC VAPOR DEGREASER 


¢ Better cleaning « up to 40 times faster! 
¢ Increases reliability of all engines and systems 


This new production model SonBlaster® Vapor Degreaser, 
originally designed by Narda for the U. S. Air Force, is now com- 
mercially available—and at low cost! Thoroughly and quickly 
degreases and decarbonizes: oi! and fuel strainers, pistons and 
rings, valves, spark plugs, carburetors, pumps, bearings and 
parts of all types. 


The SonBlaster Vapor Degreaser is simple and economical 
to use. To degrease: place parts in (1) boiling sump and (2) 
ultrasonic sump (3) flush with power spray, using filtered and 
distilled pure solvent (4) condensing solvent vapor removes any 
residue traces —finished job is the ultimate in degreasing! 


For additional information, please write to Dept. MP-5. 


SPECIFICATIONS 


Electrical input: 208/230 volts, 50/60 cycles, 28/25 amps. 
Generator: Delivers 300 watts average; 600 watts peak, 40 kc. 
Transducer: Barium Titanate, 40 kc. Diaphragm, 112 sq. inches. 


Recirculation System: 42 h.p. pump, stainless steel filter; 5000-watt 
heater, thermostatically controlled. 

Valves: Pushbutton, solenoid-operated on all drains. 

Cabinet: Cold rolled steel, baked enamel finish; 16 gauge, 302 stainless 
steel top. (All stainiess steel cabinet optional at extra cost.) Over-all 
dimensions, 56” long x 32” high x 2312” wide. 

Sumps: Over-all working area, 28” x 16”, 14 gauge, 302 stainless steel, 
heliarc welded. Boiling sump capacity, 7% gals. Ultrasonic sump capac- 
ity, 6 gals. Distillate reservoir capacity, 2 gals. 


for above model. Other Narda Ultrasonic Vapor Degreasers 


the NALA Corporation 


MAIN STREET, WESTBURY, L. N.Y. EDgewood 3-5400 
785 North Lincoln Ave., Chicago, Illinois LOng Beach 1-4625 


i 3259 Wilshire Boulevard, Los Angeles 5, Calif. + + DUnkirk 8-2201 | 
Subsidiary of The Narda Microwave Corporation 


Colloidal 
Graphite 


dispersions | 


FOR THE METAL WORKING 
INDUSTRY 


GRAPHITE PRODUCTS CORPORATION 
manufactures quality metal working lub- 
ricants. Lubricants for titanium, mag- 
nesium, aluminum ond the new metals 
as well as steel, stainless steel, and 
alloys. Lubricants for forging, extruding, 
drawing, and other metal working op- 
erations. Lubricants you can count on 
to do the job. 

A qualified staff is available for spe- 
cialized development service. You are 
invited to submit your requirements. 
There is of course no charge for this 
service. 


JUST A FEW USES: 


® Forging compound 
High 


temperature 


Extruding compound 
®@ Dry film lubricant 


® Parting agent 


Descriptive literature and 
working samples on request 


GRAPHITE PRODUCTS CORPORATION 


BROOKFIELD, OHIO 


ACCURATE 
DEPENDABLE 
LOW COST 


HEAT TREATING 
you NG 
BROTHERS 
OVENS 


designed and built 
for individual product 
and process requirements 


batch and conveyor types up to 1000° F 


Write for Bulletin 157 


YOUNG BROTHERS Co. 


1829 Columbus Road * Cleveland 13, Ohio 
Over 60 years of service 
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| Send to: American Society for Metals 


a fascinating ASM book 
by Dr. J. Gordon Parr 


| Technical & Engineering Book Information Service 


| Metals Park, Department A, Novelty, Ohic 


| 
copy(s) of Man, Metals & Modern Magic | 


@ $2.95, Postage Paid 


| Money Order Cash 
| Check here for ASM Book Catalog () 


This is a book for technician and student alike to 
enjoy—a story of metallurgical progress through the 
ages to the challenging problems of science that must 
be solved tomorrow. Enjoyable reading—an ideal gift. 


15 Chapters...44 Illustrations...235 Pages...$2.95 
Red Cloth Binding . . . Published April, 1958 


AMERICAN Society For METALS 
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No. 1 Galvanizing Line 
Installed in 1950 


No. 2 Galvanizing Line 
Installed in 1952 


(Left) No. 3 Galvanizing Line 
Installed in 1954 


(Above) Enamel Stock Annealing Line 


at INLAND STEEL 


provide efficient 24 hours a day, 7 days a week operation 
at high efficiency, with no unscheduled downtime. 


TOTAL DESIGN CAPACITY IN EXCESS OF 617,000 TONS PER YEAR* 


Repeat orders are the highest endorsement a furnace builder can 
earn. Tailored to meet Inland’s specific requirements, and incorporating 
the most advanced technological improvements, these four EF con- 
tinuous lines assure accurately controlled cycling, maximum production 
and maximum return per dollar invested. 


The unvarying day after day uniformity of product physicals, assure 
highest market acceptance, and make subsequent forming and fabricating 
operations more efficient and less costly. 


For up to the minute engineering, outstanding performance, and 
greatest return on your investment, on any continuous —or batch — 
ferrous or non-ferrous heat treating project, you'll find, like Inland, 
that “it pays to call the EF furnace engineers”. 


*Tonnage output will vary depending upon width and gauge of strip being processed. 


THE ELECTRIC FURNACE CO. 


Gas-fired, Oil-fired and Electric Furnaces for Heat Treating any i Dak any Process, any Hourly Output. 


200 West Wilson Street alem - Chio 


Branch Offices in Detroit, Mich., Santa Ana, Calif., and Cheshire, Conn. Canadian Associates, Canefco Limited, Toronto 13, Ontarie 
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‘IT stock only one high-carbon chrome —refined chrome” 


Steel mill and foundry operators are cutting chromium costs 
by using the new ELECTROMET refined chrome for 

all high-carbon chromium additions. Inventory, handling, 
and storage are greatly simplified by stocking only this one 
high-carbon chromium alloy. It is ideal for use as: 

@ A base charge for stainless steels. 

@ Final additions for aircraft, bearing, and tool steels. 

@ Cupola or ladle additions for cast iron. 

Refined chrome combines the economy of regular charge 
chrome with the maximum cleanliness and low residual 
element content of conventional high-carbon ferrochrome: 
For facts on how refined chrome can reduce your costs, 
contact your UNION CARBIDE METALS representative. 


Convenient 20- and 40-pound pigs of re- 
fined chrome are magnetic, allowing easy 
handling with an electromagnet. 


UNION 
METALS 


UNION CARBIDE METALS COMPANY, Division of Union Electromet Brond Ferroolloys 
Carbide Corporation, 30 East 42nd Street, New York 17, N. Y. ond other Metallurgical Products 


The terms “Electromet”’ and ‘Union Carbide” are registered trade-marks of Union Carbide Corporation. 
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